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SUMMARY

The United States Air Force maintains detailed task analysis data which
provides extensive information pertaining to the actual tasks performsd wizhin
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enlisted and officer occupational specialties.
which are most typical and important can be identifiesd through examinatiocn of
the proportion of job incumbents who perform a task, the proportion of time
spent on the task, and ratings of task difficulty and/or importance to a
training curriculum. Task analysis data have been utilized primarily £for
classificacion of jobs and determination of training requirements. Tasx
analysis data can also contribute to the selection process once the abilities
required to perform similar tasks are identified. Determination of abiliu-
requirements from task analysis data would enable the generation of ability
profiles for different occupational specialties and would provide empirical
justification for selection tests of abilities required across or within
occupational specialties.

This effort reviewed the various methods which have been developed for the
determination of ability requirements from job analysis data. A review of the
literature identified 36 general and special purpose taxonomies which have been
applied to the description of job and/or worker chavracteristics. Seven methods
were chosen for further evaluation: Functional Job Analysis, Job Element
Method, Position Analysis Questionnaire, Occupational Analysis Inventory,
General Work Inventory, Threshold Traits Analysis System, and Ability
Requirements Scales. The first five methods provide descriptive information
about work requirements from which ability requirements may be determined. The
last two are ability requirements methods which identify ability demands from
task or job descriptive data.

These approaches were further evaluated on the basis of (a) use of a
specified taxonomy of abilities, (b) comprehensiveness of the ability taxonomy,
(c) reported reliability and validity, (d) level of job analysis (task or whole
job), (e) procedure used to determine ability requirements, (f) linkage of
abilities to existing tests, (g) compatibility with Air Force task analysis
data, and (h) =2ase of ‘ise. It was determined that the Ability Requirements
Scales (ARS) developed by Fleishman were most appropriate for the
identification of ability requirements of different Air Force occupational

specialties. The ARS approach was most compatible with Air Force occupational




task analysis data, provided the mcst extensive coverage of abilities, and
provided the most direct link with tests of specific abilircies.

While the ARS were evaluated as most effective of the established methods,
there 1s reason to beliesve that the scales are insufZicient to cover the
requirements of all Air Force occupational :zasks. Spacificallw, communication
and interpersonal skills are not adequacely covered. Al:zo, cognitive ability
research using computer testing technology should be investigated for
additional relevant cognitive ability constructs. It was recommenced that the
ARS be refined to include any additional constructs of interest, and delete or
consolidate existing constructs in order to tailor the taxonomy to Air Force
occupational requirements.

Ability requirement. for an occupational specialty would be determined
through subject-matter expert ratings of ability requirements for task
statements categorized by cthe verbs in the task statements. This approach
would enable generalization across occupational special:ties. If this method
were applied and ratings established for all relevant verbs, ability
requirement profiles could be generated for any Air Force occupational

speclalty without the expense of subject-matter expert conferences.
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PREFACE

This work was completed under Task 771918, Selection and Classification
Technologies, which 1is part of a larger effort in Force Acquisition and

Distribution. It was subsumed under work unit number 77191861, The
Identification, Development, and Validation of New Predictors of Air Force
Officer Success. This effort was initiated to investigate the feasibility of

utilizing job analysis data for the identification of abilities and/or
aptitudes which (a) underlie successful performance across and within Air Force
occupational specialties, and (b) are relevant for the purpose of selection.
The authors wish to thank Dr. Bruce Gould, Mr. Wayne Archer, and Mr. William
Phalen for their interest, encouragement, and insightful comments.

ps
b
',l




TABLE OF CONTENTS

Section
I. INT RO DU T IO . L o e e e e e e e e e e e

DU DOS . . L i e e e e e e e
Background. . ... . e e e
AP PTOACh. L L e e e

II. LITERATURE REVIEW. .. ... i e e e e et

Criteria for Evaluating Taxonomies.................. ... cviinn...
Conceptual Basis............ ittt
Special Purpose Taxonomies.............. ... i,
Rating Scales: Measurement and Procedural Issues.............
Internal Validity: Interrater Reliability and Taxonomic
AdeQUACY . . L e e

External Validity: Job Component and Criterion-related
Validity. .o e e
L= 0 PP
Summary and Conclusions from the Literature Review.................

III. EVALUATION OF TAXONOMIES FOR AIR FORCE USE................vuinn...

CODAP Compatibility..... ... .. .. i i e,
Linkage with Construct-Valid Selection Instruments.................
Ease of Use. ... .. . . ..
Adequacy of Coverage of Ability Requirements.......................
Generalizing Ability Requirements Across Specialties...............
Descriptive Data for Specialties for Which OSM Do Not Exist........
Summary of Evaluation............. ... ..

Evaluation Factors. ... ...ttt

Evaluation SUMmMAIY. ... ..ttt ittt e e
Conelusioms . .. e e e

£~

SIS
wowmw

ON




Iable

p—

ro

LIST OF TABLES

Page
General Work Inventorv (GWI) Comtent........... .. iiierumennunnns 10
Abilicy Requirament Scales........ ... .. i i 17
An Example of aAbility Requirements Scales Definitionm.............. 18
Cognitive Abilities. ... .. . . . e 19
Classes of Candidate Taxonomies.......... ... . it iinennnnennnnn 34
Evaluation Factors. .. .. ...t it et et e e e 4i _
Summary of Evaluation Data. .. ...........iiiiiimniniinennnnnnas 45

i




I. INTRODUCTION

Purpose

Tnis effort was initiated to review alternative procedures for identiiving
ability requirements of Air Force occupational tasks. The TUnited States Air
Force Occupational Measurement Center (USAF/OMC) collects and maintains task
analysis data which describe the specific tasks performed by enlisted and
officer personnel in most Air Force occupational fields. Task-related data
include ratings of whether the task was performed by an incumbent and what
proportion of time is spent on the task. Ratings of task difficulty and/or
training priority are collected for certain occupational specialties. These
data have been utilized primarily for job classification and determination of
training curricula (Mitchell, Ruck, & Driskill, 1988). The potential
contribution of task-related data for the enhancement of selection decisions
has not been fully explored.

There are two basic approaches by which task information can be utilized
in the selection decision process. The most straightforward method is that of
job content validity, as described in the Uniform Guidelines (1978). Content
validity begins with the identification of all important representative tasks
of the job. These tasks then make up the content of the selection test(s).
Thus an applicant for an automotive mechanic position may be requested to
diagnose and repair a typical automotive problem.

The job content approach to selection test development is not applicable
to Air Force occupations for two main reasons. The immense variety of Air
Force occupational tasks and the large number of applicants prohibit the
development of job content-oriented selection measures. Another constraint to
this approach 1is the extensive training that most Air Force selectses
experience. Procedural knowledge of the majority of tasks is gained through
training, and thus is not required at the time of selection.

The second approach to the utilization of task information for selection
also begins with the identification of important representative tasks. The
tasks are then examined to identify the abilities that are required to learn or
perform the task successfully. Once the prerequisite abilities are identified,
tests are chosen or developed to measure the desirable abilities. Tests may
consist of biographical data, responses to situational items, and/or written
tests of specific abilities.

Identificacion of abilitv requirements of similar tasks would enable the
identification of the abilitv requirements of a specific occupation or any
group of occupations. Ability profiles could be used to categorize
occupational specialties according to ability requirements. Once ratings of
ability requirements were collected for a common pool of tasks, ability
profiles could be generated for a restructured occupational specialty.

L




Background

The Air Force Comprehensive Occupational Data Analysis Programs (CODAP)
enable the analysis of detailed task inventorv data gathered from job
incumbents of each Air Force occupational specialczyv. These data provide
detailed information as to what military personnel in a particular specialty
actually do. Task inventorv profiles describe the percentage of incumbents who
perform particular tasks a.d the relative amount of time spent on each task.
The data base 1is used for many purposes including job classification,
assignment, and training decisions.

Training requirements are identified through the collection of additional
task informat.on, such as ratings of task difficulty and the extent to which
the task should be emphasized in training (Mitchell, Ruck, & Driskill, 1988).
While this additional task information 1is useful in the identification of
aptitudes and abilities to be assessed for selection, it is not sufficient.
Applicants can be selected on the basis of aptitudes required for success in
training, but not on the basis of knowledge or abilities which can be expected
to be acquired during formal or on-the-job training (Uniform Guidelines, 1978).
Further, occupational duties may require additional aptitudes or abilities on
the job that were not identified as training requirements, or that are not
included in the training curriculum, such as interpersonal skills. Thus, while
the training requirements data are relevant to this effort, they are not
sufficient for the identification of aptitudes which should be considered for
selection decisions,

There have been previous efforts to identify the abilities required for
different Air Force occupational specialties. Most efforts were not based on
task inventory-CODAP analysis or were not oriented for the purpose of
selection. These efforts have either administered a separate survey, such as
the Position Analysis Questionnaire (PAQ), to an occupational group of
interest, or they generated a list of abilities based on subject-matter expert
(SME) perceptions of the whole job. This ’‘whole job’ approach 1is not
sufficient to establish either content or construct validity. In order to meet
requirements for content or construct validity the ability requirements must be
derived from task analysis data (Uniform Guidelines, 1978). Also, previous
efforts usually did not take full advantage of CODAP resources. An Air Force
study which did utilize a predefined taxonomy of abilities and determined
requirements from task data succeeded in identifying the perceptual and
psychomotor requirements of 35 Air Force specialties (Siegel, Federman, &
Welsand, 1980).

There are numerous methods which have been developed to ascertain aptitude
and ability requirements from task inventory data. These methods differ in
procedure and purpose. For example, several methods have a predetermined
taxonomy of job-related abilities (Fleishman, 1988; Lopez, 1988; McCormick &
Jeanneret, 1988; Siegel, Federman, & Welsand, 1980); other methods generats a
taxonomy of abilities as a result of task inventory data analysis (Fine, 1988;
Primoff & Eyde, 1988). Methods also differ in how the required type and level
of abilities are identified. Abilities may be derived automatically from an

2




existing system which links task verbs to ability requirements (Fine, 1988) or
may be established through interrater agreement using SMEs, job incumbents,
and/or supervisors.

Iin addition, ratings may be directed toward a wvariety of ctask

charactaeristics, such as importance, frequency, practicalicy for selecction,
Cegre=e of discrimination between poor and superior workers, or consequences of
incompetence. Methods aliso differ in how ratings are used for the purpose of

selection. Some methods have a particular algorithm which results in an index
which describes the importance of the task or ability for selection (Primoff &
Eyde, 1988),; other methods may simply rank the order of the ratings.

Approach

In this study, the diversity of established procedures were fully explored
via a review of the literature (Section II) to identify the most efficient
system for Alr Force selection purposes. The differences in procedures were
evaluated for (a) effectiveness in general (reliability and degree of content
validity), (b) effectiveness for the purpose of selection (considerarion of
issues pertaining to selection decisions), (c) compatibility with CODAP daca
bases, and (d4) projected cost of implementation. Evaluation factors were
identified, and an evaluation plan was developed for the determination of the
utility of the procedures when applied to Air Force selection (Section III).




II. LITERATURE REVIEW

Introduction

The literature on taxonomies of human performance 1Is extanszivaz.
Taxonomies, for example, have been developed for such diverse uses as training
and learning (Gagne, 1977; Lumsdaine, 1960); acceleration stress behaviors
(Chambers, 1963), human-machine interfacing (Finley, Obermayer, Bertone, &
Muckler, 1970); selection and classification (Fleishman & Quaintance, 1984);
theory development, such as in the taxonomies developed for information theor:
research (Lavine & Teichner, 1973 Posner, 1964); and leadership (Fleishman,

1972) as well as for many other purposes. Generally, these taxonomies have :
ranged from those designed for a specific purpose to general-purpose
taxonomies. The more specific taxonomies have limited usefulness for other

applications. More general purpose taxonomies, such as Fleishman’'s taxonomy of
ability requirements (Fleishman & Quaintance, 1984), have greater utilizyv,
since thev may be applied across multiple domains. As Fleishman and Quainzance

observe, despite the multitude of taxonomies availlable, few havs broad
application across the study of human performance.

This literature review is directed at defining the criteria by which the
multitude of taxonomies could be evaluated and at preparing a list of candidate
taxonomies. It is based on the consideration of 36 taxconomies from which seven
are selected as having broad application and potential for use in identifying
the ability requirements of Air Force officer and airman specialties. These
seven methodologies are examined in light of the criteria for the deve. opment,
validation, and use of a taxonomy.

Issues Related to Selection

The first step in identifying a candidate taxonomy is a clear and
unambiguous definition of the purpose the taxonomy is to serve and the purpose
in this case is selection. While this purpose seems clear and unambiguous,
identification of candidate taxonomic approaches .is nevertheless complicated >y
the train of events following selection that affect the kind of taxonomy .
employed (Peterson & Bownas, 1982), If, for example, no postemployment
training is to be provided, a taxonomy that includes knowledge of job-related
subject-matter procedures is most useful. An appropriate selection approach
would be the use of work sample, job knowledge, or similar tests to evaluate
applicants’ potential for doing the tasks in each category without training;
testing for job content mastery is desirable. In such a case, a content-
validity selection strategy is clearly appropriate.

On the other hand, where there is postselection training, the consensus
reflected in the literature (e. g., Fleishman & Mumford, 1988; Fleishman &
Quaintance, 1984; McCormick, 1979; Petersen & Bownas, 1982) is that it is more

’
4

.




appropriate to screen and select applicants on the basis of job-related
abilities or aptitudes as opposed to screening for job content mastery. These
abilities or attributes are generally conceived of as the relatively enduring
attributes of the individual that influence a broad range of task performance
(Fleishman & Mumford, 1988; McCormick, Mecham, & Jeanneret, 1977), as opposed
to the identification of knowledges or skills that may be acquired through

training or experience. When aptitudes or abilities are of interest, as
opposed to job knowledge and skills, then construct referenced strategies are
more appropriate. Thus, in this effort, the main focus is the review of

methods utilized to identify the prerequisite ability constructs from task
analysis data.

For this effort, general purpose taxonomies and job analysis systems of
two kinds are reviewed. First, methodologies for describing jobs in terms of
work activities (which include descriptors of a number of mental activities)
and technical job content at a generic level from which "abilities" are then
derived and are reported. Second, methodologies which derive "abilities"
directly from analysis of the specific tasks incumbents perform in their jobs
are considered. The latter taxonomies provide no technical content of jobs.
These methods are reviewed in the following section.

Criteria fo aluatin axonomies

Several criteria for evaluating taxonomies for human task performance are
apparent in the literature (Fleishman & Quaintance, 1984; Peterson & Bownas,
1982). The criteria suggested in the literature include (a) conceptual basis
of the taxonomy; (b) qualitative v. quantitative classification; (c) internal
and external validity; and (d) utility. In the following sections, general
purpose job analysis and taxonomic methudologies are critically reviewed on the
four criteria. A description of the job analysis program of the USAF/OMC is
also included.

Conge a

Conceptual basis refers to the type of components described within a
taxonomy and is the major factor differentiating the general purpose

taxonomies. In regard to the various conceptual approaches, Fleishman and
Mumford (1988) characterize four approaches to the classification of human task
performance: behavioral description, behavioral requirements, ability

requirements, and task characteristics. Each of these approaches, at least in
some of their variations, can lead to the identification of human attributes
that facilitate task performance.

In the selection of a taxonomy for Air Force use, the conceptual approach
employed by a taxonomy bears directly on three crucial issues to be considered
in Section III. These issues pertain to the compatibility of the taxonomic
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methodology with existing Air Force job analysis procedures, the linkage of job
descriptive requirements to ability requirements, and the application of job
component validity. Elaboration of the importance of these factors for the Air
Force are provided in Section III. The four basic approaches and various
methods are described and discussed in the following section.

1. The Behavioral Description Approach, as its name implies, consists of
a specification of what workers actually do while performing their jobs. This
approach produces a general-purpose analysis of jobs. The products of the
application of descriptive methods range from highly task-specific to much more
general task information. Usually emphasis is placed on the overt behaviors of
workers or certain subjective terms which describe what the worker does.
Several systems of job analysis representing this approach are in use, each
differing from the others with respect to the level and the context of their
descriptors. The following behavioral description approaches will be discussed
in this section: (a) USAF Occupational Survey Methodology, (b) Position
Analysis Questionnaire, (c) Occupational Analysis Inventory, (d) General Work
Inventory, (e) Job Element Method, and £) Functional Job Analysis.

The Occupational Survey Methodology (OSM) is a job analysis methodology,
which provides the most specific description of the work that job incumbents
perform. The Occupational Measurement Data Base provides a rich source of
specific data about tasks, jobs, and Air Force specialty (AFS) structure. It
does not provide information about the ability requirements of tasks or jobs---
these must be derived from some other taxonomy.

The OSM, of all of the descriptive approaches, provides the broadest and

clearest data about the tasks workers perform. More importantly, this
methodology provides information about the structure of jobs that other methods
do not permit. Other methods sample from jobs as a whole. In such broad

sampling the SMEs are usually requested to indicate the "most important tasks"
in the occupation, and the variance of jobs within an occupation can easily be
missed. This variance should not be ignored as AFSs are structured to
accommodate career progression, meaningfulness of individual jobs, and
promotion potential (Driskill & Mitchell, 1979). It is in the variant jobs
that the real essence of an AFS may be captured. The OSM, as will be indicated
below, provides for the identification of the variance within an AFS.

OSM data are central to many classification and training decisions,
serving as a principal basis upon which personnel functions that follow
selection operate. Also, several personnel research activities, such as
aptitude requirements, Training Decision System, and job performance
measurement, are based on use of OSM data (Mitchell & Driskill, 1986). Also,
several personnel research activities, such as aptitude requirements, Training
Decision System, and job performance measurement, are based on use of 0SM data
(Mitchell, Ruck, & Driskill, 1988). The 0OSM is founded on an extensive and
continuing research program as well as over 20 years of operational application




in the Department of Defense agencies and in the civilian sector cthat
demonstrate its usefulness and applicability for describing tasks and jobs.

The basic instrument of the O0SM, which distinguishes it from most other
job analysis systems, is a USAF Job Inventory developed by specialists wno
employ extensive interviews with SMEs in the AFS being described. The Job
Inventory consists of two basic parts: a comprehensive listing of the casks
required to be performed by a specialty and a background information section.
The task 1list is constructed through interviews with incumbents of the
specialty. The interview process continues until, in judgment of the SME and a
review panel, the AFS is fully described. Task development and description are
based on specific guidelines having to do with the following criteria:
differentiate among skill level of workers, independence. time ratabilitw, and
language consistent with worker usage (Driskill, Weissmuller, & Staley, 1987).
A typical task statement would read as: "Remove or replace transmitters," or
"Type letters or memoranda." The background information section elicits
demographic inform:tion as well as work environment data, such as equipment
used or maintained, from job incumbents.

Results of administration of the Job Inventory to job incumbents provide,
then, basic descriptive data about tasks, demographic information about job
incumbents, and descriptive information about the work environment. It does not
provide any information about the ability, psychomotor or perceptual skill,
knowledge, or physical requirements, although there have been two or three
instances in which an OSM survey attempted to elicit information about the
physical demands of an AFS.

Upon final validation by SME, the final USAF Job Inventory is printed and
distributed to Consolidated Base Personnel Offices worldwide which monitor
administration to most of the incumbents (70% to 90%Z) of an AFS. Inventories
are AFS-specific, although in some cases Inventories include two or more AFSs
whose incumbents perform related work. The resulting incumbent data are not
generalizable to the work of other AFSs, except where two or more are included
in a single inventory administration. In responding, each incumbent indicates
the tasks he or she performs and rates the relative time spent performing each
task relative to each other task.

Job incumbent responses are analyzed, using the Comprehensive Data
Analysis Programs (CODAP), for their implication for manpower, personnel, and
training programs. CODAP is a system of over 100 programs that provides
numerous analytic, summary, and display modes. At the most basic level are job
descriptions for individuals or groups of individuals that reflect the tasks
performed and the relative percent time incumbents spend performing each of the
tasks.

Other analysis programs hierarchically or nonhierarchically cluster tasks.
The clustering algorithms are based either on the similarity of the tasks
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performed by people and the similarity of the time they spend on each of the
tasks, or on coperformance. The first clustering produces clusters of people,
or job types, which reflect the structure of the AFS in terms of the similarity
of jobs. The second clustering solution results in the formation of clusters
of tasks based on the probability of their coperformance. This solution also
shows work structure, but from the perspective of which tasks are performed
together; it 1is especially useful for constructing task modules for use in
training or other purposes where coperformed tasks are desired.

In addition to the analysis of incumbent task responses, the 0SM includes
methods for collecting from a small sample of SME judgments about the
difficulty of each task and the emphasis that should be given to training the
tasks for first-term job performance. These ratings are available for enlisted

specialties only. Each SME rates each task on a 9-point difficulcty and
training emphasis scales. Difficulty is defined as the time it takes job
incumbents to learn to do the task proficiently. Inserrater agreement is

assessed through a program entitled GRPREL which computes and reports the
intraclass correlation. These ratings are a basic variable in the computation
of job difficulty and for the determination of aptitude requirements of AFSs
based on time to learn to perform tasks (Dittmar, Driskill, & Weissmuller,
1987).

Reliability of the percent performing and percent time spent data is high.
Christal (1971) randomly split the samples for 10 specialties and computed the
correlations of percent performing and percent time spent vectors for each of
the specialties. The correlations ranged from .931 to .997. Interrater
agreement for task difficulty and training emphasis ratings exceeds .90.

Occupational surveys are applied to both enlisted and officer AFSs. To
date, most of the enlisted specialties have been described with the exception
of a few very small population specialties, such as musicians. Only about 20
of 45 officer utilization fields have been surveyed (USAF Program Technical
Training, 1988). Those not surveyed include most of the pilot fields, medical
and legal officers, and engineers, although a recent survey collected responses
about pilot tasks from pilots of 56 aircraft. The list of tasks in the Job
Inventory appears to be exhaustive, representing most if not all of the Air
Force pilot technical tasks. Management-related tasks were not included in the
pilot survey.

In addition, there have been two surveys of leadership, management and
supervision, and communication tasks across and within Air Force occupational
specialties. No technical task performance is described by these surveys. 1In
the officer fields, the total sample of grades 0-1 through 0-6 was
approximately 3600 job incumbents. There are, as a consequence, small numbers
of officers surveyed at any given grade level. The officer survev did,
however, reveal some pattern differences in the kinds of tasks performed.
Security police and legal officers, for example, performed more Uniform Code of
Military Justice tasks than other kinds of officers (Bell, 1984). Also,
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results indicated that junior officers spend a considerable amount of time on
leadership, management, and communication tasks regardless of their AFSC.
Reported time spent on these tasks ranged from 45% for pilot specialties to
almost 80% for the logistics field. This finding is of particular interest in
this effort, indicating that the taxonomy selected should include abilities

most likely to account for performance in leadership, management, arnd
communication tasks.

Another approach to task descriptions stems from McCormick’s (1988, 1979)
work with the Position Analysis Questionnaire (PAQ) which Cunningham (1988)
expanded into the Cccupation Analysis Inventory (OAI). Then, based on factor
analysis of results of use of the OAI, Ballentine (Cunningham, Wimpee, &
Ballentine, 1987) developed the General Work Inventory (GWI). These general
purpose instruments, respectively, consist of 187, 617, and 268 items and are

true task taxonomies. They elicit from job incumbents or SMEs ratings of the
perceptual, job activity, interpersonal relationship, and physical elements
which describe the task requirements of jobs. The approach represented by

these job analysis techniques contrasts with the OSM approach because of the
greater generality of the descriptive elements. Where the 0OSM would describe a
job, for example, in terms of each of the planning tasks performed, the GWT
describes at the level of asking respondents if *the job requires Plannirg
activity. The more generic nature of the descriptors, however, permits
generalization across occupations which is essential to the application of a
job component (or synthetic) validity approach to identifying ability
requirements.

The PAQ, OQAI, and GWI, since they are intended to describe jobs or
specialties as opposed to tasks, provide broad coverage and are intended to
support a variety of applications. The job elements of the PAQ and the OAI are
arranged under six division headings, while the GWI job descriptive elements
are organized under the 13 divisions shown in Table 1. Through principal
components factor analyses, job dimensions for each of the methods have been
identified. These job dimensions are used to determine factor scores for jobs
to which the instruments are applied. These job dimension factor scores are
required for achieving criterion levels of performance (Fleishman & Mumford,
1988).

Another behavioral description technique is Primoff’s Job Element Method
(JEM). Instead of using a written task analysis survey, as did the previousiy
described techniques, the JEM approach generates the critical ’‘elements’ of a
job through SME conferences. The elements of a job consist of the knowledge,
skills, abilities, and personal characteristics that each SME lists as
important for successful performance. Each element is broken down into
subelements, which are behavioral examples of an element. For example, the
position of grocery store clerk might include elements such as accuracy,
knowledge of stock, ability to be pleasant, and reliability. For the element
accuracy, subelements may include accuracy in making change, accuracy in
calculating cost, and accuracy in using the cash register. Each element and
subelement is rated by the SMEs on four dimensions.
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Table 1. General Work Inventory (GWI) Content

Sensory Activities (e. g., near vision, hearing)

Informatinn Received or Used (e. g., written words, spoken words, readings from
measurement or testing devices)

Information Related Activities (e. g., reading, difficult speaking, clerical
operations)

Content of Information Used and Produced (e. g., mechanical information,
electrical-electronic informationm, organizational management and
administration information, engineering information)

Kinds of Thinking the Job Holder Engages In (e. g., expressing ideas, creating
ideas, mathematical reasoning and problem sclving, object problem solving
and invention)

Physical Activities (e. g., working with fingers, tracking, strength)

Physical Activities Involving Tools, Equipment, etc. (e. g., small hand tools,
measuring or testing devices, scientific cr téechnical devices)

Work Performed With Tools, Equipment, Machines, or Devices (e. g., precision
working, cutting by blade, abrading, cooking or preparing food, masoning,
troweling, or casting)

Other Physical Work Activities (e. g., watching or monitoring tools or
equipment, medical, health treating, caring)

Living Things Acted Upon (e. g., people, animals, plant life)

Materials Acted Upon (e. g., crude materials, finished materials, processes,
substances)

Finished Products or Components Acted Upon (e. g., machines or mechanical
equipment, structures, fahricated equipment)

Kinds of Contacts With People (e. g., managing or administering, supervising,
evaluating, settling conflicts, communicating, teaching).

(Note: Each of the categories contain further definition and specific
examples.)

------------------------------------------------------------------------------

From Work Inventory of Enlisted Specialties, AFPT 90-XXX-487, 1982.

10




The rating scales utilized in the JEM method are particularly useful for
the purpose of selection. Ratings are collected for (a) whether or not a
barely acceptable worker would have the element, (b) whether the element
differentiates a superior worker, (c) whether there would be trouble if the
element was not considered (whether the element affects performance), and (4}
whether the element is practical to consider for selection (whether or not
sufficient numbers of applicants would possess the characteristic described b:-
the element). These ratings can be used in formulas developed to calculats
various indices of wvalue. The Item Index (IT) of an element describes the
extent to which a subelement is important for establishing the content of an
examination. The formula for IT is SP + T, where S = rating of importance in
selecting superior workers, P = rating of practicality, and T = rating of

[W)

trouble if not considered. Another item indice emphasizes the distinction
between superior workers and others, as calculated by S - B - P (B = extent to
which barely acceptable workers possess the characteristic). The Total Value

(TV) of an element describes the ability of that element to differentiate
abilities of applicants for a job. The formula for TV is the combination of
the two previous formulas, calculated for each SME, then summed across all
SMEs. Other formulas describe the extent to which an element should be trained
rather than assessed at the time of selection (Primoff & Evde, 1988).

While the JEM approach incorporates abilities as well as task information,
the elements are not true ability constructs. The abilities generated by this
method may be more descriptive of procedural knowledge (ability to use a cash
register) or personality (ability to be pleasant). Therefore this method is
not sufficient in itself to determine the ability constructs which underlie the
elements. In addition, the generation and rating of elements for each
occupational specialty would be very costly and time consuming.

Of the behavioral description techniques reviewed in this study, Fine's
Functional Job Analysis (FJA) method comes closest to identification of ability
requirements. The FJA approach is based on task descriptions of over 4,000
jobs included in the Dictionary of Occupational Titles. Task verbs were sorted
by job analysts into four functional categories: data, people, things, and
worker instructions. These task related categories were related to three
categories of ability: reasoning, mathematical, and language. Task verbs were
further sorted within each ability category according to the complexityv of the
task; more complex tasks were assumed to require higher levels of the ability.
This three-category taxonomy of abilities has six levels of reasoning ability,
five levels of mathematical ability, and six levels of language ability. The
most extensive application of this method is the occupational classification
system of the US Employment Service. This method has also been used for test
development, development of performance standards, development ‘of training
materials, job design, and job evaluation (Fine, 1988).

The FJA approach requires trained FJA analysts. The analyst(s) reviews
existing job information and meets with SMEs. Task statements are then
generated for the position of interest, Tasks are rated by the SMEs on
frequency, importance, and criticality. Task verbs are then examined to
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idenc’fy the level of reasoning, mathematical, and language ability required
for the job.

This method could be applied to Air Force occupations by categorizi
Force OSi{ task statement verbs to the levels within the three categzo
ability. An advantage of che FJA approach is the extensive am
information which has been collected using this method and the relaticn
content to scores on the General Aptitude Test Battery (GATB). A disadwan
of this method is the limitations of the ability taxonomy. The
categories are quite broad. For example, the language ability scale includes
speaking, reading, and writing abilities. The scales also include knowledge as
well as ability. The lower levels of each ability are simplistic (common sense
understanding, simple addition, follow simple oral instructions) and therefore
not likely to be relevant to Air Force occupational tasks. Other abilicies of
interest are not included, such as perceptual and psychomotor skills. This
approach would provide much more useful data if applied to a more refined
taxonomy of abilities.

All of the behavior description techniques result in benavioral
specifications of what workers actually do. Most of the behavior <escription
techniques rely on written survey instruments. Instruments vary from detailsad

and specific (Air Force OSM task surveys) to general purpose instruments
developed to be applied to any occupation (PAQ, OAI, GWI). The FJA and JEM
methods rely on job analysts to collect task information.

The Air Force OSM task surveys are developed independently for each
occupational specialty, which results in task statements which can be unique to
a particular specialty. This prevents categorization of tasks across different
specialties. An advantage to the general purpose instruments, such as the GWI,
is that administration across various specialties would allow comparisons among
the different specialties. A disadvantage to the general purpose instrumencs
is that the detailed task information currently available through OMC task
survey would not be utilized. Also, the general purpose instrument would have
to be administered to samples of each occupational specialty, wiaich would be a
costly and time consuming endeavor.

The primary disadvantage of all of the behavior description methods is
that they are lacking with regard to identification of abilities required to
perform or learn the tasks successfully. An additional effort would be
required in order to identify the prerequisite abilities for each task category
of the written survey instruments. The JEM method is also lacking with regard
to a taxonomy of abilities. Elements which are described as abilities are
confounded with procedural knowledge (ability to use a cash register) and/or
personal characteristics (ability to be pleasant). The FJA method does result
in actual ability requirements. However, the taxonomv of abilities inciudes
only three broad categories. A more refined and extensive taxonomv of
abilities 1is desirable for application to Air Force occupational tasks.
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2. The Behavior Requirements Approach places emphasis on the
classification of behaviors that should be emitted or which are assumed to be
required for achieving criterion levels of performance (Fleishman & Mumford,
1988). The human performer is assumed to be in possession of a large number of
processes that serve to intervene between the stimulus and response events.
These intervening processes are in a real sense constructs to account for human

task behavior. Methods based on this approach provide classification
descriptors that more closely resemble a taxonomy of abilities than do
behavioral descriptive methods. Behavioral requirements methods have most

generally been applied to the problem of human learning, two of the more
representative of them being employed by Gagne (1977) and Miller (1973).

Gagne directed his efforts at the field of human learning, contending
learning consists not only of the content or subject matter but also the
process by which existing knowledge and skills are modified. Gagne proposes
five categories of learning processes: (a) intellectual skills, (b) cognitive
strategy, (c¢) verbal information, (d) attitude, and (e) motor skills.
Intellectual skills involve discriminations, concepts, rules, and their
elaboration. Cognitive strategies are the internally organized skills
governing the individual’s behavior in learning, remembering, and thinking.
Verbal information involves learning facts, principles, and generalizations
required in the learning of a particular content area. Attitude is another
type of learning process and is generally least affected by training. Motor
skills are the capabilities mediating organized motor performance that can be
improved through practice. Tasks can be classified according to this scheme,
thus providing the trainer with the basis of a training program. Application
requires highly trained specialists to analyze and classify each task according
to the taxonomy of intervening processes.

Miller (Fleishman & Quaintance, 1984) classifies tasks according to 25
task functions involved in a generalized information-processing system. Some
of the 25 elements are Message, Input, Identify, Short Term Memory, Interpret,
and Goal Image. For example, Message is "A collection of symbols sent as a
meaningful statement"™ (p. 438); Input is "Selecting what to pay attention to
next"” (p. 439); Identify is "What is it and what is its name" (p. 444); Short
Term Memory is "Holding something temporarily" (p. 450); Interpret is "What
does it mean" (p. 445); and Goal Image is "A picture of a task well done" (p.
459). A complete description along with detailed instructions for the use of
each function are in Appendix A in Fleishman and Quaintance (1984). Tasks,
according to Miller, can be classified according to these functions and such
classification can be useful for selection and training.

In summary, Behavioral Requirements approaches identify the intervening
behavioral processes required for task performance. They do not provide for
identification of abilities, although the information provided could serve as a
basis for such identification.
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3. The Task Characteristics Approach differs from the other taxonomic
approaches in that the emphasis is on characteristics of the task itself.
Behavior description taxonomies describe tasks in terms of worker activities,
such as 'repair electronic ignitioms.’ Behavior requirement taxonomies
categorize tasks in terms of worker functions, and the abilicy requirement
taxonomies describe worker abilicties. In contrast, the task characteriscic
approach classifies tasks in terms of characteristics of the task which impact
on behavior and performance. Basic to the identification of task
characteristics is the definition of the concept task, described by Hackman
(1970) as

"A task is assigned to a person (or group) by an external agent or is
self-generated, and consists of a stimulus complex and a set of
instructions which specify what is to be done vis-a-vis the stimuli.
The instructions indicate what operations are to be performed by the
performers with respect to the stimuli and/or what goal is to be
achieved (p. 210)."

According to this definition there are three aspects of tasks to be

considered: (a) type of stimulus materials, (b) the instructions about the
goals, and (c) the instructions about procedures. A task must have stimulus
materials. For example, the instruction 'write’ would not be a task, but the

instruction ‘write a summary which describes your job duties’ would be a task.
Tasks should have instructions, either regarding procedures and/or goals.

Task characteristics are generated on the basis of attributes of the
stimulus and instructions. For example, three task characteristics have been
identified as contributing to the overall stress of a task. One is time
sequencing, either of stimulus (high versus low rate of presentation of
stimulus) or instructions (high versus low rate of response, strict time
deadlines, or repetitive response). Another characteristic affecting task
stress is complexity-interpretability, either of stimulus (high versus low
amount of complexity or ambiguity) or instructions (high versus low amount of
complexity or ambiguity). The third characteristic affecting task stress is
threat or punishment, inherent in the stimulus (run across a rope bridge 200
feet above the ground) procedural instructions (drive a car at high speed), or
goal instructions (blow up a balloon until it breaks) Hackman, 1970. This
method of assessing task attributes may group tasks that are very different
with regard to activities, worker functions, or worker abilities, as in the
examples of stressful tasks.

A taxonomy of task characteristics has been developed and consists of 21
individual scales (Fleishman & Quaintance, 1984). Examples of task
characteristics include (a) dependency of procedural steps, (b) number of
procedural steps, (c) response rates, (d) procedural complexity, and (e’
feedback. Task characteristics have been shown to have important implications
for the prediction of task learning and retention (Rose et al., 1984; Wheaton &

14




Mirabella, 1972). The task characteristic approach may have great potential
for the identification of ability requirements, especially if particular task
characteristics are identified or generated to reflect certain abili:cv
requirements. However, there has been no reported efforts of this nature, nor
is there a model for such an application. Indeed, it would be a massive eiiovs
to apply this approach to Air Force task data; all tasks would have to be
assessed using SMEs to identify all task characteristics of each task. Even
then, the link to ability requirements would have to be established. Thus,
this approach was dismissed from further consideration.

4. The Abilities Requirements Approach describes, contrasts, and compares
tasks in terms of the abilities they require of the operator. Abilities as
defined by Fleishman and Mumford (1988) and McCormick (1979) are the relativelv
enduring attributes of the individual performing the tasks, and certain tasks
are hypothesized as requiring certain ability profiles if performance is to be
maximized. Fleishman and his associates (Fleishman & Mumford, 1988; Fleishman
& Quaintance, 1984; among others) have developed a general purpose method of
assessing the ability requirements of task performance through application of
their Ability Requirements Scales (ARS). The abilities included in the ARS
constitute the taxonomy. Pre-existence of tasks describing the job is assumed,
since no methods for identifying the tasks of the job being analvzed by the
Ability Requirement Scales are provided. Basing the analysis on tasks is,
however, recommended.

Fleishman’s approach differs from all others in very significant wavs.
Beginning with the premise that different tasks require different ability
profiles, he defined and tested various constructs of human abilities in the
cognitive (taken from the factor analytic literature, principally that of
Guilford and French), perceptual, psychomotor, and physical domains. The
result is a scheme for classifying tasks according to a taxonomy of 37 to 52
human attributes, depending upon which version of his instrument is used. The
difference in his approach lies in that he derived the attributes from the
factor analytic literature, identified or developed tests of the attributes,
and then tested the application of the attributes in the description of tasks
in the laboratory as well as in actual pracctice. Only after the extensive
testing to establish the construct validity of the ability factors did
Fleishman then begin to analyze tasks in terms of the abilities required to
perform them. Fleishman, thus. provides a set of defined sensory, perceptual,
cognitive., psychomotor, and physical ability factors. In contrast, others
(Cunninghan, 1988; Fine, 1988, and McCormick et al., 1977; for example) begin
with a description of jobs or tasks, and then by a variety of methods identify
the abilities required. They have no predefined set of abilities; the job
analyst determines the list of abilities or ability measures to be employed.

Fleishman’s taxonomy of cognitive abilities consists of 19 human
attributes, the final number having been derived empiricallv from studies
comparing use of a small number of generally defined abilities with the larger
number of more specifically defined abilities. The cognitive abilities consist
of such attributes as Oral Comprehension, the ability to understand spoken
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English words and sentences; Written Comprehension, the ability to use Englisn
words or sentences in speaking so others will understand; Fluency of Ideas, che
ability to produce a number of ideas about a given topic; Deductive Reasoning,
the ability to apply general rules to specific problems to come up with logical
answers; Inductive Reasoning, the ability to combine separate pieces of
information to form general rules or conclusions; and Spatial Orientacion. =zi:
ability to tell where one is in relation to the location of some object or =3
tell where the object is in relation to oneself.

In addition to the 19 cognitive abilities, there are sensory, perceptuail,
psychomotor, and physical abilities included in the ARS. A complete
description of Fleishman’s human ability dimensions is shown in Fleishman and
Quaintance (1984) and Fleishman and Mumford (1988); Table 2 1lists the 52
abilities. Table 3 provides an example of one of the ARS scales and
definitions.

While the ARS has used a wide variety of applications, one has special

relevance for Air Force use. Landy (1988) stated that the first obstacle in
using any ability taxonomy 1is conceptual in that the typical SME is ro:
familiar with many of the concepts or labels that are used. To increase SME

familiarity, Landy provided instruction om each of the ability areas by using
salient examples of each drawn from the occupations from which the SME came.
If, for example, the position to be studied was fire captain, examples were
developed for each ability from the job of fire captains. These examples were
incorporated into the definition of each ability. 1In addition, Landy devised a
different scale for the ARS than is provided. SME estimated the importance of
each ability using a 100-point allocation method. SME were instructed that for
each area rated, 100 points were to be allocated among the set of abilities
required of the area.

Landy’'s approach to SME training would certainly be expected to produce
greater interrater reliability, because of the raters’ greater familiarity with
the ability definitions and their relationships to work requirements. For this
reason it has a great deal of merit. The disadvantage, however, is the cost in
developing the job related ability definitions and the training of the raters.

The scale Landy employed has to be viewed from the perspective of what
information about ability requirements is needed and the design of the rating
process. If knowledge of the relative requirement of each of the abilities of
interest for each task or job is the objective, his scale is appropriate. In
terms of the rating process, his approach requires the rating of each task or
job on the relative requirement of each of the total list of abilities.
However, it eliminates any form of absolute rating and inhibits use of an
equal-interval scale.

Although they did not use the complete ARS, Peterson and Bownas (1982)
have applied an abilities requirement taxonomic approach that has potential
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Table 2. Ability Requirement Scales

Cognitive

Oral Comprehension
Oral Expression
Fluency of Ideas
Memorization
Mechanical Reasoning
Deductive Reasoning
Speed of Closure
Spatial Orientation
Category Flexibility
Perceptual Speed

Perceptual

Multilimb Coordination
Rate Control
Control Precision

Psychomotor

Arm-Hand Steadiness
Finger Dexterity
Speed of Limb Movement

Physical

Static Strength

Trunk Strength

Gross Body Coordination
Dynamic Flexibility
Stamina

Sensory

Near Vision

Visual Color Discrimination
Peripheral Vision

Glare Sensitivity

Auditory Attention

Speech Hearing

Written Comprehension
Written Expression
Originality

Problem Sensitivity
Number Tacility
Inductive Reasoning
Flexibility of Closure
Visualization
Information Ordering

Reaction Time
Time Sharing
Response Orientation

Manual Dexterity
Wrist-Finger Speed
Selective Attention

Explosive Strength
Dynamic Strength

Gross Body Equilibrium
Extent Flexibility

Far Vision

Night Vision

Depth Perception
General Hearing
Sound Localization
Speech Clarity




Table 3. An Example of Ability Requirement Scales Definition

VERBAL COMPREHENSION

This is the ability to understand English words and sentences.

How Verbal Comprehension Is Different From Qther Abilicties

English words and sentences

Understand spoken or written vs.

Verbal Expression: Sreak
or write English words or
sentences so others will
understand.

Requires understanding of complex,
detailed information which contains
unusual words and phrases

and involves fine distinctions

in meaning among words.

7 ——
6 ——
-- Understand in entirety a
mortgage contract for a new home
5 ——
b —tem
3 —— -- Understand a newspaper article
in the society section reporting
on a recent party
2 -
-- Understand a comic book
l —_—

Requires a basic knowledge of !
language necessary to understand
simple communications.

Theologus, 13970
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relevance for Air Force application. They employed the ARS psychomotor and
physical ability scales, but substituted a different set of cognitive abilicies
for the ARS cognitive factors. The cognitive factors consisted of Dunnec:ze’s
(1976) 10 factors plus Verbal Closure and Visual Memory abilities (see Table 4
for a listing of the 12 cognitive abilities). In addition, ther also included
15 personality dimensions and six wvocational preference dimensiorns. The
particular relevance of this approach lies in the reduction of che number of

cognitive abilities to be rated.

Table 4. Cognitive Abilities

Cognitive Abilities

Flexibility and Speed of Closure
Fluency

Inductive Reasoning

Associative (Rote) Memory

Span Memory

Number Facility

Perceptual Speed

Logical Reasoning

Spatial Orientation and Visualization
Verbal Comprehension

Verbal Closure

Visual Memory

The ARS scales have a particular advantage in that they have been used
successfully in a number of military studies. In a study performed for the
Army Research Institute (ARS) ability constructs were included in an initial
list of knowledge, skills, and abilities (KSAs) hypothesized to be related to
leadership skill. The final taxonomy of KSAs which were related to leadership
inciuded many of the ARS ability constructs (Mumford, Yarkin-Levin, Korotkin,
Wallis, & Marshall-Mies, 1986)., A study performed for the Navy also utilized
ARS constructs as one of four methods to identify variables most likely to
predict job performance. It was found that SMEs had no trouble in
comprehending ARS ability definitions and were able to provide reliable
judgments of ability requirements, although the rating scale provided by the
ARS was not employed. Instead, a 5-point scale to assess consequences on
performance if workers did not possess the ability at a desired level was used.
The ARS method and a policy-capturing method were found to be most effective in
identifying optimal predictors. Results indicated that the predictive validity
and utility of different types of predictors (cognitive ability, psychomotor,
information processing, previous training and experience) will vary among
occupational specialties. The study concluded that while cognitive ability
predictors would be likely to -predict performance to some extent for all
specialties, other predictors may be more appropriate for some occupational
fields (Murpnhy, 1988).
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The ARS ability constructs have also been utilized in previous Air Force

studies. Perceptual and psychomotor abilities have been related to pilot
tasks, and measures were developed for a computer-administered experimental
battery (Kantor & Bordelon, 1985). A separate Air Force study investigated

taxonomies of perceptual and psychomotor abilities in order to identifrr <he
optimum set of constructs for application to Air Force occupational tasks. 7O
resulting list of 13 perceptual and psychomotor constructs included seven -2
constructs and six from other sources (Siegel, Federman, & Welsand, 12307,
Ratings were collected for each of the abilities for 35 enlisted Alr Force
occupations. Results indicated that the methodology utilized was successful
and that perceptual and psychomotor ability profiles varied for different

career fields.

v W

An Army study utilized ARS scales in a predictive wvalidity study.
Aviation ability tests were developed on the basis of ability requirements
determined through application of the ARS method. Experienced helicopter
instructor pilots identified the critical tasks of helicopter pilot
specialties. The tasks were rated by the SMEs with regard to the ARS abilities

required to perform each task. Twelve abilities were chosen for test
development. The experimental battery was administered to entrants ol
helicopter pilot training (N = 563). Follow up performance daza was
subsequently collected. Results indicated that the experimental battery

accounted for 27% of the variance in performance measures (McAnulty, 1988).

Another method which fits into the ability requirements approach was
developed by Lopez (1988). His method, the Threshold Traits Analysis Svstem
(TTAS) analyzes jobs through observation, using a taxonomy of job requirements
to describe each job. Lopez proceeded to develop his TTAS to specify the human
traits required to perform different classes of job functions. His TTAS
consists of five areas: physical, mental, learned, motivational, and social.
The first three refer to abilities. Each consists of a number of traits, each
of which is operationally defined. For example, mental ability is divided into
vigilance, attention and information processing. Information processing is in
turn described as consisting of memory, comprehension, problem-solving, and
creativity. Memory is operationally defined in terms of whether the worker can
"Retain and recall ideas;" comprehension is operationally defined as
"Understand spoken and written ideas" (p. 882). 1In all, the TTAS provides a
list of 16 generally defined abilities which are applied at the job level
through the observation of workers.

ci Purpo lo]

Special purpose taxonomies designed for management positions were also
reviewed, because of their potential value for describing officer positions.
Since about 1950, there have been a number of factor analytic studies direscted
at identifying common work dimensions with the hope of categorizing managerial
jobs according to similarities in their factorial structure. Summarizing this
work, Fleishman and Quaintance (1984) indicate that managerial jobs do have
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common work dimensions that may be used as the basis for a classificatorx
system.

Generally, about a dozen dimensions of managerial work have Gzen
identified and, as Landy and Trumbo (1980) indicate, these dimensions have bezn
replicated many times with different instruments, theoretical approaches, and
populations, and they are intercorrelated. Two overall factors, Consideration
and Structure, account for over 80% of the variance of leadership behavior. A
considerable body of the research stems from Hemphill’s (1959) work that
identified 10 factors. In later research using a modified version of
Hemphill's instrument, Tornow and Pinto (1976) identified 13 factors. These
factors were derived from data collected from upper, middle, and lower level
management personnel on a 204-item Management Position Description
Questionnaire (MPDQ).

More recently, Page (1988) wupdated the MPDQ. It is a Behavioral
Description approach, consisting of 274 job behaviors (including 31 knowledge,
skill, or ability, 16 general information, and five decision making elements)
to which respondents use a 5-point scale to indicate the significance of the
behaviors to their positions. Factor analysis of data obtained from
administration of the MPDQ in the business sector revealed the following eight
management work factors: decision making; planning and organizing;
administering; controlling; consulting and innovating; coordinating;
representing; and monitoring business indicators. In addition, nine management
performance factors were identified: managing work; business planning; problem
solving and decision making; communication; customer and public relations;
human resource development; human resource management; organizational support
and interface; and job knowledge. Reliability of the Iinstrument reported for
seven studies ranged from .79 to .93. The MPDQ is a general purpose instrument
that describes management positions at a generic level, thus generalization
across positions may be made.

Another approach to the study of management jobs is through use of the
Professional and Managerial Position Questionnaire (PMPQ) (J. L. Mitchell,
personal communication on January 20, 1989). The PMPQ consists of a set of
descriptors applicable across management jobs. It bears a close resemblance to
the PAQ, which is not surprising since Mitchell was a student of McCormick. In
the PMPQ, respondents indicate, first, what part of their job (1l0-point scale
with 0 denoting does not apply) a given descriptor represents; and, second, for
those descriptors involved in their jobs, respondents rate the level of
complexity (on a similar 10-point scale). The Navy Occupational Development
and Analysis Center is currently administering a tailored version of the
PMPQ to a sample of 10,000 Navy officers, grades W-2 through 0-6, in all
ratings in a study of the similarity of Navy Officer jobs (J. Treckel, personal
communication on December S, 1988).

It is important to note that none of the efforts to study management jobs,
including the OSM surveys, had as its objective the identification of ability
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requirements. Methods used to describe jobs, however, are highly similaxr <o
approaches for "non-management"” jobs discussed in earlier sections.
Classification of, as opposed to initial selection for, the jobs studied was
the objective. There is no management ability counterpart of a taxonomv
similar to the ARS.

That there is no such taxonomy is not surprising. The scope of =zhe
various cognitive, perceptual, psychomotor, and physical abilities (as well as
the personality and vocational preference dimensions employed by Peterson and
Bownas) leaves few, 1f any, abilities measured in traditional ways untapped.
Inspection of the factors reported by Page (1988) suggests that the abilities
so far defined are applicable to management jobs. However, they may be
applicable and yet not sufficient in themselves to identify all abilities which
underlie leadership management and communication tasks. Therefore, taxonomies
purported to measure managerial positions are scrutinized here for their
relevance in a taxonomy for Air Force occupational specialties. The skills
required for leadership, management, and communication tasks may be more
complex and higher level than those included in other taxonomies, such as ARS.
It wiil be a challenge to identify and define the best set.

The problem of identifying ability requirements for officer jobs seems to
lie not in a lack of a taxonomy of abilities or of measures of various sensory,
cognitive, perceptual, psychomotor, or physical abilities but in the manner in
which the jobs are to be described and in the inferential leap to link these
descriptions to the requisite abilities. Even here, the problem is not
crucial, for there are OSM data for about half of the officer specialties and
at least six descriptive methods that can be used to describe the remainder.

Five of the seven methods discussed in the preceding sections (FJA, JEM,
PAQ, OAI, GWI) are descriptive methods, and the MDPQ and the PMPQ are
descriptive methods as well. Of these techniques, only the GWI can be
categorically identified as not having been employed to study management or
officer-equivalent jobs, although it has been used to survey enlisted

incumbents. Inspection of the content of the GWI, however, suggests that it
includes job elements which are entirely appropriate for describing officer
jobs. For instance, consider these examples of groupings of GWI descriptive

elements in Table 1:

Information Recejved ox Used (e. g., written words, spoken words,
readings from measurement or testing devices); Ipformation Related
Activities (e. g., reading, difficult speaking, clerical operations):

o) (e. g., mechanical

information, electrical-electronic information, organizational
management and administration information, engineering information);

Kinds of Thinking the Job Holder Engages In (e. g., expressing ideas,

creating ideas, mathematical reasoning and problem solving, object

problem solving and invention); Kinds of Contacts With People (e. g.,
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managing or administering, supervising, evaluating, settling conflicts,
communicating, teaching).

Descriptive elements of these kinds seem as applicable to officer specialties
as they are to enlisted specialties and equally as easily linked to abilicy
requirements.

In summary, the job analysis methods designed to study professional
management jobs provide little, if any, more descriptive information relevant
for describing Air Force jobs than do the general purpose descriptive methods.
Use of one of these latter methods, the GWI, should provide sufficient
information for describing specialties for which OSM task data are unavailable.

Rating Scales;_ Measurement and Procedural Issues

The rating scales used to determine ability requirements vary among the
different methods. The methods reviewed differed with respect to (a) who uses
the rating scales (job analysts, incumbents, supervisors), (b) how the scales
are administered (in SME conferences or by mail), (c) the nature of the scales
(dichotomous, ordinal, absolute), and (d) the relevance of the scale to
selection. In this section, the rating scales will be discussed with regard to
the differentiating factors. The first two characteristics are important in
their effect on the cost of the procedure. The use of specially trained job
analysts would greatly increase the cost, as would the use of SME conferences.
The last two characteristics influence the effectiveness of the information
that is derived.

FJA (Fine, 1988) and JEM (Primoff & Eyde, 1988) employ trained analysts to
facilitate the process by which SMEs identify the ability requirements. The
OAI (Cunningham, 1988) employs trained analysts and trained SMEs. The PAQ
(McCormick et al., 1977), GWI (Ballentine & Cunningham, 1981) and ARS scales
(Fleishman, 1988) can be used by job analysts, supervisors, or incumbents (if
incumbents are fairly well educated). It is not certain which group is the
'best’ source of information. Previous studies which examined differences
between supervisors, incumbents, and analysts produced conflicting results,
perhaps due to differences in the method used (Cornelius, 1988). It was
concluded that incumbents may tend to inflate ratings relative to ratings by
supervisors, and that both incumbents and supervisors may tend to inflate
ratings relative to analysts. This tendency was found when the job elements
rated were high in social desirability, and when scale points were not
sufficiently described.

The amount of time and effort involved in the administration of rating
scales differed considerably among the methods. The PAQ, OAI, and GWI are all
administered by mail with a minimum of effort. The FJA and JEM methods rely on
SME conferences facilitated by trained analysts. The TTA method requires
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direct observation of incumbents by trained analysts. The ARS scales have been
applied by mail and through SME conferences. Fleishman (1988) and Landy (1988)
recommend the use of SME conferences with ARS scales. Other studies have
reported success using ARS scales by mail (Mumford et al., 1986; Murphy, 1988;
Siegel et al., 1980). While it is expected that SME training that occurs in
the conference situation would increase interrater reliability, some studies
have found that the questionnaire approach yielded information equivalent =5
that collected by SME conference, when the survey included a large number o:
respondents (Levine & Sistrunk, 1988). Administration by mail may be suitable
for a pilot study, in order to determine whether a need exists for SME training
in a conference situation.

Rating scales used by the different methods differ widely in terms of what
is actually being rated, and the quantitative nature of the scale. A primary
difference is whether the rating scale is applied to describe tasks, as in the
behavier description methods, or ability requirements. Rating scales for task
characteristics are fairly similar, tapping information about whether or not
the task is performed, the frequency or time spent on the task, and the
importance of the task. Additional task ratings may be collected for the
determination of training requirements or task difficulty.

The Air Force OSM task ratings typically provide information regarding the
percent of incumbents performing the task, the percent of time spent on the
task of those who performed the task, and the percent of time spent across all
incumbents. Additional ratings are also collected for specific purposes, such
as the determination of training curriculum. The PAQ uses five-point scales to
describe the extent of use, importance to job, amount of time, and possibility
of occurrence. The OAI uses five-point scales that describe the significance,
applicability, and extent (time spent) of each item. The GWI uses a nine-point
scale which describes the extent to which the item is part of the job. The FJA
method may collect ratings of frequency, importance, and criticality, if the
user wishes the information. However, Fine (1988) stated that the usefulness
of the scales is doubtful and that the critical issue is whether or not the
task is performed at all.

For application to the purpose of selection, the main objective of task
data is that the tasks most representative (% incumbents performing) and
important for successful performance of the job are identified. Also desirable
is information that describes whether tasks are to be trained, so that
determination of the ability requirements will either be based on the ability
to perform the task without training, or the ability to learn the task. This
issue should be addressed either at the point of selecting tasks to be rated,
or within the instructions for the SMEs.

Rating scales used to determine ability requirements vary with regard to
what is being rated and the type of scale utilized. The JEM rating scales can
be applied to abilities or tasks, since the job elements identified through JFM
can be in the form of knowledge, ability, or personal characteristic. The four
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JEM scales are ordinal, using three-point scales to determine (a) the extent to
which barely acceptable workers possess the characteristic (all, some, almost
none), (b) the extent to which the characteristic is particular to superior
workers (very important, wvaluable, or does not differentiate), (c) whether
trouble is likely if the characteristic is not considered (much trouble, some
trouble, or safe to ignore) and d) whether the characteristic is prac:zical o
consider for selection (by demanding this characteristic we can fill all
openings, some openings, or almost no openings). In Lopez's (1988) TTA method
elements are rated 1 or 0O to indicate importance to task performance, and 1-3
to indicate uniqueness and trait level.

Fleishman’s ARS method uses unique seven-point scales which describe the
levels of each ability to be considered by raters. Each level of an abilitv is
benchmarked by behavioral examples, in order to produce an absolute scale of
ability requirements. The behavioral examples were developed using a
behaviorally-anchored rating scale methodology. These scales should allow
comparisons of the level of ability required across jobs, without the inflation
that is typical of ordinal scales. However, there is doubt as to the absoluce
nature of the scales. McAnulty and Jones (1984) reportaed that the raters used
the scales as if they were ordinal, rather than absolute.

Landy (1988) suggests a different rating format to be used with the ARS
scales. He recommended that the standard behavioral examples for the levels of
abilities be supplemented by behavioral examples taken from job content. Thus,
the Fleishman description for a high level of reading comprehension abilicty
(read and comprehend a home mortgage) would be replaced or supplemented by a
more job-related example. In addition, Landy utilized a point allocation
system to identify the abilities required for task clusters. The point
allocation system requires the rater to distribute 100 points across the
abilities so that they represent the importance to a particular task. Points
for each ability are averaged across task clusters, resulting in percentages of
ability requirements for the job as a whole, This enables the identification
of characteristics which may be particularly important to the job. For
example, for the position patrol officer raters reported that verbal skills
accounted for 30X of the ability requirements, and that cognitive skills in
general accounted for 81X of the ability requirements.

The rating scales developed for JEM have particular relevance for the
purpose of selection. The four rating scales are utilized in formulas
developed specifically to evaluate the importance of the characteristic to
selection. The Item Index (IT) of an element describes the extent to which a
subelement is important for establishing the content of an examination. The
formula for IT is SP + T, where S = rating of importance in selecting superior
workers, P = rating of practicality, and T = rating of trouble if not

considered. Another item indice is that which emphasizes the distinction
between superior workers and others, as calculated by S - B - P (B = extent to
which barely acceptable workers possess the characteristic). The Total Value

(TV) of an element describes the ability of that element to differentiate
abilities of applicants for a job. The formula for TV is the combination of
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the two previous formulas, calculated for each SME, then summed across all
SMEs. Other formulas describe the extent to which an element should be ftrained
rather than assessed at the time of selection, whether the element should be
used for screenout (minimum requirement), and whether the element should be -
used for ranking applicants. Tests are then developed to assess specific
elements identified as useful for selection (Primoff & Eyde, 19388).

The JEM approach uses a slightly different scale when test development is
not feasible, in order to relate the test to the job elements. The procedure
results in a J-coefficient, based on a synthetic wvalidity approach. The rating
scale applied to each element consists of a single three point scale: 2 points
if most of the superior workers have the ability and most of the unsatisfactory
workers do not have the ability; 1 point if workers with the ability will be
better than workers without it, but the ability is not absolutely necessary,
and 0 points if there is no relation between the ability and successful
performance. The summed points for a particular element is considered its
weight of the element in a criterion of job success. Standard worksheets are
then used to estimate the expected validity coefficient(s).

Because the JEM rating scales were developed for the enhancement of
selection decisions and take into account 1issues such as c.uining after
selection and practicality for selection, they merit serious consideration for
application to Air Force occupational tasks. A factor to consider is the
extent to which the rating time is increased as a result of using all four
scales. The single three point scale may be more appropriate in order to
reduce the demands on the raters. Another factor is the impact of the special
scales on interrater reliability. Raters may agree on whether an ability is
required, but may not be in agreement as to the level of ability required or to
what extent applicants possess the ability.

An optimal approach would be the application of JEM scales with ARS
scales, modified by job-related behavioral examples and SME training as
recommended by Landy (1988). The ARS scales provide explicit descriptions of
each ability along with behavioral examples, while the JEM scales describe the
relevance of that ability to selection. The ARS scales are based on ability
constructs derived from rigorous discriminant validity studies, and tests of
each ability construct are available. The JEM scales may be used to calculate
indices describing the relevance of each ability to selection and training.
However, this modified approach would require additional effort and expense, in
order to produce the behavioral examples, train the SME raters on the process,
and have the raters rate on four dimensions.

v d : erra Re d o dequac

There are two important indices of internmal validity: reliability and
extent or exhaustiveness of coverage. Generally, interrater agreement has been
reported as high. With two trained analysts, Cunningham (1988) reports the
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median interrater agreement from a study ol 215 jobs Lo be .82 for cthe OAI.
For tne GWI which was administered through a mail survey, Cunningham, Wimpee,
and Ballentine (1987) found a mean rate-rerate agreement of .62 on individual

items and .66 for item profiles. For the PAQ McCormick and Jeannert (1988)
report that, using two analysts, the "... average reliability coefficients have
typically been in the .80s..." (p. 830). Rate-rerate reliabilicy studies hav

produced coefficients as high as .80. Using two raters who judged 33 traits on
100 jobs, Lopez found a median split half reliability coefficient corrected by
the Spearman-Brown Prophecy Formula of .86. Agreement among two samples of six
raters each on "job criterion values"” (or the sum of the job analysis ratings)
was .92, Primoff and Eyde (1988) reported interrater reliability for job
elements across 50 studies was .86, after correction using the Spearman-Brown
formula. The FJA typically employs one analyst, although Fine (1988) reports
"... high reliability was the result of precise descriptions (of tasks)" (p.
1023) in a developmental study involving 10 raters judging 50 jobs.

The most extensive study of reliability is reported for the use of the
Ability Requirements Scales developed by Fleishman and his associates
(Fleishman & Mumford, 1988; Fleishman & Quaintance, 1984). A major concern in
the development of the methodology was the achievement of high reliabilitv and
considerable experimental work was accomplished, including scale and factor
redefinitions. In practice, at the job level, 19 Ability Requirement Scales
were used to examine 15 benchmark jobs. Interrater reliability coefficients
"... were typically in the low .90 range and fell below .80 in only a single
occupational field ..." (Fleishman & Mumford, 1988, p. 928). Substantial
agreement was also found between different groups of raters. Agreement between
incumbents and supervisors, except for one job, was above .75. Numerous
studies employing the Ability Rating Scales are reported in Fleishman and
Quaintance (1984) in which agreement among different groups of raters ranged
from .50 to .87, with the majority of the coefficients being above .70. Thev
conclude: "Interrater agreement with current versions of these scales, used to
describe jobs and tasks in a wide variety of industrial, governmental, and
military settings, tend to be in the .80s and .90s" (p. 330). It should be
noted that Fleishman recommends using at least 20 raters, although he reported
instances where acceptably high interrater agreement was found for fewer
raters. His recommendation on number of raters needed is consistent with the
present practices in the OSM methodology in which at least 30 raters are sought
to assure interrater agreement at the .90 level.

Methodologies differ widely with regard to the set of abilities considered
for the establishment of job requirements. Behavior description methods
provide little if any information about ability requirements. USAF/OMC task
surveys are strictly task statements. A separate taxonomy of abilities must be
used in order to establish ability requirements. The PAQ and OAI have been
related to nine measures of cognitive ability within the General Aptitude Test

Battery (GATB). As yet, the GWI has not been referenced to any ability
measures. The FJA method relates task statements to three broad categories of
abilicy: reasoning, mathematical, and language ability. The JEM may produce

any number of abilities, with definitions specific to the job being described.
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The JEM method has also been related to GATB scores and tests developed to
measure specific elements (Primoff & Eyde, 1988).

Of the ability taxonomies reviewed in this study, the taxonomy developed
by Fleishman has the broadest range of abilities and demonstrates the highest
degree of construct validity. The ARS taxonomy in its longest form consists of
52 abilities, 19 of which are cognitive abilities. No task descriptive items
are included. Initial development of the cognitive abilities began with a
study of the work of Guilford and others about cognitive abilities (Fleishman &
Mumford, 1988; Fleishman & Quaintance, 1984) to identify the abilities required
for human task performance. Tests for each of these abilities having construct
validity for measuring an ability were identified. The criterion for construct
validity was evidence of such wvalidity in at least 10 independent research
studies.

The ARS taxonomy is not without some disadvantages. The ability
constructs included in the ARS taxonomy are fundamental; more complex abilities
which are better described in terms of the task performed (abilitv to plan,
ability to manage time, etc.) are not included. It is assumed that higher
level job skills are driven by the basic abilities contained in the ARS
taxonomy. This is an advantage if the assumption is true, because tests of the
ability constructs can be used off the shelf without tailoring to the job.
However, if a test of an ability were to be .veloped, it is recommended that
the tasks related to the ability be reviewed. Items can be constructed which
measure the ability of interest, such as reasoning, using problems based on
tasks which required the ability.

The ARS taxonomy can be modified to be more useful to Air Force
occupations. Some of ability constructs can be deleted, such as the physical
abilities. The set of cognitive abilities can be replaced with a smaller set,
such as those described by Peterson and Bownas (1982) or Mumford et al. (1986).

SMEs could be consulted in order to reduce the set of constructs. The
perceptual and psychomotor constructs should consist of those identified by
Siegel et al. (1980) as relevant for Air Force occupations. Some ability

constructs should be added, particularly those which have been related to
successful performance of leadership, management, and communication tasks.
Communication and interpersonal skill constructs which should be considered for
inclusion are oral presentation ability, influence (ability to persuade
others), and interpersonal problem solving ability. Rating scales and
behavioral examples would have to be developed for additional ability
constructs.

t al V. d : ob Component and Criterion-related V di

External validity pertains to how well the classificatory system achieves
the objectives for which it is intended. The classificatory system should
differentiate among tasks or jobs in terms of their ability requirements and

28




these requirements should be valid--that is, the requirements as stated should
be possessed by job candidates selected for the job in order to provide
reasonable assurance that these candidates will become satisfactory performers.
In this regard. McCormick (1979) states, "Validity ... 1is not a clear-cut,
unitary councept:; rather, there are different varieties of wvalidity; it is
usually not Zfeasible to refer to any given job requirement as wvalid or ooz
aiid. Inszead one naeds to think in terms of the degree of wvalidity or.
perhaps more praccticaliv, to view validity in terms of the probabilities zha:s
those fulfilling a stated requirement will become satisfactory employees. Ewven
the term satisfactorv is fairly slippery, since in the case of most jobs the
incumbents varyv in degree of satisfactoriness" (pp. 245-246).

According to McCormick, in circumstances where the prediction deals
essentially with inexperienced individuals to be trained from scratch on a
given job, the primary interest is in predicting the suitability of individuals
for learning and adapting to a job. This prediction is largely formed on the

basis of abilities or other attributes. Any tests that are used to measure
candidates on the attribute requirements of jobs preferably should have
substantial construct validity. That is, they should measure with "reasorable
fidelity" the basic attributes or constructs which they are intended o
measure. Evidence that a construct measured by a test is relevant to a given
job needs to be supported by criterion-related validity "... or can be inferred

from a sound job analysis” (McCormick, 1979, p. 246). He indicates that both
the Uniform Guidelines (1978) and good professional practice focus attention on
the potential utility of sound job-related data as the most justifiable basis
for establishing job requirements.

There has been considerable effort to establish job component (or
synthetic) wvalidity, although the specific results of these efforts do not
appear to be applicable to the Air Force selection process. There are,
however, implications for the use of job component validity for identifying
ability requirements for AFS, if such validity is based on Air Force research.
Typical of some of the efforts to establish compoment validity are chose
reported by McCormick (1979) and Cunningham (1988). McCormick employed
multiple regression analysis, using job dimension scores from the PAQ as
predictors of scores on each of the nine tests on the GATB. This approach
required a sample of jobs for which GATB scores were available for job
incumbents and for which there were data from PAQ analyses of the jobs. The
approach 1is predicated on the assumptions that jobs differ with respect to
which a given attribute is required for successful performance and that workers
tend to gravitate to jobs which are commensurate with their abilities. On
these assumptions, then for a given attribute the differences among mean test
scores of workers in different jobs would reflect in a gross way the varving
job requirements for that attribute for the jobs being studied. McCormick
(1979) reports multiple correlations of PAQ factor and GATB test scores ranging
from .30 (for manual dexterity) to .83 (for verbal) for the nine GATB tescts.

The median multiple correlation was .73. McCormick et al. (1977) also ractaed
PAQ job dimension scores to 19 commercially-available tests that were
considered to match the GATB subtests. Slightly lower multiple correlation

coefficients were found.
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Cunningham (1988) reports similar results from use of the OAI. In
addition to OAI ratings for jobs, he obtained ratings of the 617 OAI elements
on 103 attributes as McCormick (McCormick et al., 1977) had previously done for
che PAQ, thus giving two kinds of OAI job ratings: (a) in terms of scores on
Zacrors repraesencing different kinds of work activities and conditions: and 7Hj
in cerms of estimated requirements for various human attributes for whiclhi cthere

arae tests. Using GATB test scores, Cunningham compared clusters of jobs with
similar 0OAl factor score profiles in terms of mean test and inventcry scores
Zor relevant samples of job incumbents. Analysis of wvariance resulcs showed

statistically significant discriminability among clusters for 68 of the 92
measures employed. Also, multiple correlations between OAI factor scores for a
sample of jobs and the GATB scores produced statistically significant
correlations. Finally, bivariate correlations computed between OAI attribute
estimates for jobs and the mean scores of job incumbent samples on
corresponding tests and inventory scales revealed statistically significant
correlations for 38 of 55 analyses performed. This work was performed cn a
sample of 1,414 jobs for which OAI factor and attribute scores and GATB test
scores were available. At this time there are no data available describing the
relation between GWI components and tests of ability.

“hile extensive erfforts were expended in the development orf these svstems
to assure reliable and accurate descriptions of jobs, there is 1li:zzle
information relating to predictive or concurrent validity (McCormick, 19793).
One of the reasons is highlighted by Trattner (1979), who writes that tests are
usually validated against "whatever criteria are conveniently obtainable" (p.
118). Most often these criteria consist of subjective judgments which vield
lower wvalidities than those obtained with performance-based quantitacive
measures (Hunter & Hunter, 1984).

Trattner used a criterion-referenced wvalidity approach in developing the
PACE. He employed CODAP as the basis of the job analysis of three occupations
and for the development of four criterion measures of job performance. These
measures were work sample tests, job information tests, supervisory ractings,
and supervisory rankings of workers. His 11 validity coefficients ranged from
.03 to .68 with the median being .36. He concluded that "CODAP can be used
very effectively in criterion related validity research ... to weight overall
performance, to select research participants, and to provide excellent
documentation for the relevance of criterion measures should the selection test
be challenged in the courts" (p. 119). Note, however, that Trattner did not
identify ability requirements, but rather used CODAP data to develop job-
related tests.

The evidence of criterion-referenced validity of the ARS physical ability
scales far outweighs the evidence of such validity for the other ability
scales. Fleishman and Mumford (1988) report validities as high as .88 in a
series of studies in which physical abilities determined from the abilizw
Requirements Scales were related to physical requirements of jobs, alchough
most of "... the correlation coefficients ... lay near the mid-50s" (p. 229).
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Three studies using the ARS to identify cognitive ability requirements of
jobs are relevant to the question of predictive validity. The first study is
reported by McAnulty (1988) in which the ARS was used to identify ability
requirements for entry into the Army Initial Entry Rotary Wing (IERW) training

program. Tasks most indicacive of performance in the primary and instrument
phases of the IERW training were identified. SME rated the type and importance
of the abilities required to perform each of these tasks. Tests were then

developed to measure incoming trainees on the following ARS abilities:
Information Ordering, Spatial Orientation, Flexibility of Closure, Induccive
Reasoning, Perceptual Speed, and Deductive Reasoning. Simple correlations
between the predictor tests and overall average grade of personnel ccmpleting
IERW training ranged from .24 to .44.

. Fleishman (1988) summarizes results of the development of a selection

procedure across 38 electric power companies. The ARS were used to identifw
ability requirements for 79 critical tasks performed by personnel in energy
control centers. He reports "... multiple correlations as high as .41 against

criteria of job performance" (p. 684).

The third study was directed at differentiating ability requirements among
jobs. Jones and McAnulty (1984) employed the ARS to identify the abilit-
requirements of tasks performed by different kinds of Army helicopter pilots
arising from different mission requirements: cargo, utility, aeroscout, and
attack. An earlier study cited by Jones and McAnulty (Myers, Jennings, &
Fleishman, 1982), based on application of the ARS to broadly-stated tasks for
these missions described in the Aircrew Training Manual (ATM), indicated that
the different missions required different abilities. Using more specific tasks
as the base for applying the ARS, Jones and McAnulty found small but
insignificant differences of ability requirements among the missions. They
concluded that the differences in results between the two studies could be due
in a large part to the fact that in their study, SME rated specific tasks
rather "... than broad, ambiguous ATM 'tasks'’" (p. 364).

Utility

According to the literature, the number of times a taxonomy (or a job
analysis system) has been employed is in a sense a measure of its usefulness or
utility. Of those methnds addressed here in which human abilities are derived
(as opposed to learning processes, for example), the clear winners are the
Fine's FJA (Fine, 1988), the JEM (Primoff & Eyde, 1988), the PAQ, and the
Ability Rating Scales. McCormick (1979), McCormick and Jeanneret (1988) cites
extensive use of the PAQ since 1969. Similarly, the Ability Requirements
Scales have been used numerous times (Fleishman & Mumford, 1988; Fleishman &
Quaintance, 1984; McAnulty & Jones, 1984). The OAI has been applied a much
smaller number of times (Cunningham, personal communication, November 11,
1988), and there is evidence of only two applications of the GWI {(Cunningham,
Wimpee, & Ballentine, 1987; Mayfield & Lance, 1988). Lopez (1988) reports that
he has used the TTAS about 100 times.

31




Another way to evaluate utility is the consideration of cost versus
effectiveness. The effectiveness of a particular method is dependent on its
reliability and validity for the purpose of use. A problem in evaluating the
utility of a particular taxonomy for the purpose of identifying ability
requirements is a lack of measures with regard to benefits. When predictive
validity correlations are known for several methods, utility can be evaluated
using a formula such as that described by Hunter and Hunter (1984). However,
in the case of job analytic methods, the wvalidity of interest is that of
content or construct validit:-. Predictive validity is more a function of thea
test which was used to measure the ability. Nacturally, the method which
identifies the relevant abilities will affect predictive wvalidity, in that a
test based on an irrelevant ability is not expected to predict success on the
job. On the other hand, if a job analysis method identifies the correct
ability, but the test used to measure the ability was flawed, the predictive
validity would not be a function of the job analysis metnod.

Because predictive validity data is lacking and not necessarily a function
of the method used to identify requirements, it is very difficult to estimate
benefits that would be expected with a particular method. The factors :to be
considered, then, would be an examination of indicators of content arnd
construct validity, such as interrater reliability and discriminant -ralidicv of
ability constructs, along with relative cost and ease of use. The cost of eacn
method is dependent on factors such as the number of raters, type of raters,

method of administration, and whether materials must be developed.

The overall effectiveness of each method is discussed in detail in section
111. Effectiveness is based on factors identified through this literature
review which describe overall effectiveness for the purpose of selection and
factors which describe the suitability of the method for Air Force use.

Summa and Conclusions om_the terature Review

In addition to the OSM, 36 taxonomic or job analysis systems were
reviewed. From this review, it is apparent that those methods categorized as
Behavioral Requirements and Task Characteristic approaches do not lend
themselves easily to the definition of ability requirements of Air Force
specialties. While it can be argued with merit that methods from these
approaches could serve as a base for determining abilities, the fact remains
that the level of expertise needed to apply the methods is not readily
accessible. More importantly, there is not yet a fully-developed model for
linking the intervening processes or task characteristics_ with construct valid
measures of these processes or characteristics. For this reason, methods
classified under these two approaches did not warrant further attention.

Similarly, special purpose taxonomies for management positions do not
appear to warrant further consideration. While these methods describe
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management jobs, the kinds of information provided closely replicates that
provided by more general purpose methodologies.

From the taxonomic approaches remaining, Behavior Description and AbIli:z
Requirements, seven methods remain for consideration. Two are =Abiliz:
Requirements methods, Fleishman’s Ability Requirements Scales and Lopzz's
Threshold Traits Analysis System. The remaining five are the PAQ, 0OAI. IWI.
JEM, FJA (the Department cf Labor methodology is not included because of its
high degree of similarity to FJA). All seven methods are for general purpose
application, most of them having been used in a variety of situations. The
differences lie in the way job requirements are defined (job element
description versus ability identification) and the kind of inferential process
involved in linking the abilities with wvalid tests.

Based on the evaluative criteria proposed in the literature pertaining to
internal versus external validity and utility, there is little to choose from
among them. Reported reliabilities (intraclass correlation, rate-rerate) are
very similar and reach at least minimally acceptable levels. Coverage provided
by each of them, as evidenced by the extent to which most of them has been
used, seems adequate, although clearly the best and most direct coverage is
provided by the ARS. All with the exception of the GWI and the OAI have been
used frequently, and by analogy, one could consider the OAI and GWI to have
utility, because of the extensive usage of their predecessor, the PAQ. The GWI
especially is appropriate to be included, because its recent application has
been to Air Force jobs (Cunningham et al., 1987; Mayfield & Lance, 1988).

These methods, however, differ in some very important ways that affect
their utility for Air Force use. These issues will be elaborated and discussed
in Section III.
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III. EVALUATION OF TAXONOMIES FOR AIR FORCE USE

This Section contains an evaluation of the candidate taxonomies in tarms
of the criteria provided by the literature review and several other criterii
relevant to the selection of a taxonomy of human abilities for aAir Force
application. There is also a discussion of the requirements for generalizing

a

ability requirements across specialties and options for obtaining descripciv
data for specialties (primarily officer) for which OSM data are unavailable.
The final subsections contain a summary of the evaluation factors applied to
the candidate taxonomies, conclusions, and recommendations.

Overall, four categories of candidate taxonomies (Table 5) were evaluated
in terms several criteria, including the criteria derived from the literature
review (Section II): Behavioral Description, Abilities Requirements,
Behavioral Requirements, and Task Characteristics. The final list of candidate
taxonomies, for reasons cited in Section II, came from the Behavioral
Description and Abilities Requirements approaches. Five methodologies were
Behavioral Description taxonomies: Functional Job Analysis (FJA) (Fine); Job
Element Method (JEM) (Primoff); Position Analysis Questionnaire (PAQ)
(McCormick); Occupational Analysis Inventory (OAI) (Cunningham); and General
Work Inventory (GWI) (Ballentine). Two Abilities Requirements taxonomies were
evaluated against the same factors: Abilities Requirements Scales (ARS)
(Fleishman); and Threshold Traits Analysis System (TTAS).

Table 5. Classes of Candidate Taxonomies

Classes
Behavioral Description  Occupational Survey Methodology (0OSM); Functional Job
Analysis (FJA) (Fine) Job Element Method (JEM)
(Primoff); Position Analysis Questionnaire (PAQ)
(McCormick); Occupational Analysis Inventory (0AI)
(Cunningham); General Work Inventory (GWI)
(Ballentine).

Abilities Requirements Abilities Requirements Scales (ARS) (Fleishman);
Threshold Traits Analysis System (TTAS) (Lopez).

Behavioral Requirements (Gagne, Miller) Cognitive, psychomotor, memory
behaviors required for achieving criterion levels of
performance. More appropriate for task analyses and
instructional system development than for selection.

Task Characteristics Task versus human performance characteristics.
Linkage of task characteristics to human performance
requirements for selection/classification or for task
performance is not designed.
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In addition to the criteria for evaluating taxonomic approaches provided
by the literature, four other criteria are important for selecting a taxonomy
for Air Force use. These criteria include compatibility with the O0SM CODAP
task data base; methods for linking ability requirements and job descriptive
information with construct-valid selection instruments; ease of use in the Air
Force environment; and coverage of the various methodologies.

CODAP Compatibility

Because of the extensive CODAP task data base and its use in personnel and
training decision making, compatibility of the taxonomic approach used by the
Air Force for selection is highly desirable. Some of the seven methodologies
reviewed in Section II, however, would not efficiently make use of this data
base. The PAQ, OAI, and GWI clearly, since they describe jobs, would replace
OSM CODAP task-job descriptions; would inhibit use of CODAP data (such as
percent performing, task difficulty); and would preclude the identification of
the variance of jobs that exist in a given specialty. Where OSM data are not

available for AFSs, however, any of these methods could substitute. FJA
requires tasks developed within the context of FJA guidelines upon which job
analysts make their judgments about job requirements. JEM utilizes job

elements that bear little resemblance to 0OSM tasks. The rating scales employed
in FJA could be applied to OSM tasks. The TTAS is applied at the job level,
thus 0OSM tasks would be of little use.

The Ability Requirements Scales would make efficient use of OSM tasks and
data and, in fact, require that kind of data for application. The ARS is
designed to be applied at the task level, although the scales can be applied at
the job level as well. Further, a data base from which to make determinations
about which tasks are to be analyzed is required for ARS application.

In summary, only the use of the ARS will take advantage of OSM tasks and
associated data. Use of other methods would entail a data collection effort to
obtain job descriptive information in addition to the linking of these data to
ability requirements and tests of these abilities.

Linkage with Construct-Valid Selection Instruments

The linkage of job descriptive information (tasks or job elements) with
construct-valid selection instruments is a crucial issue and is, at best, an
inferential process. There appears to be a consensus in the literature (see,
for example, Levine et al., 1988, and Wernimont, 1988) that work-oriented
techniques (like the OSM) require a greater inferential leap to relate tasks to
ability requirements than is required for worker-oriented techniques (like the
JEM, PAQ, or GWI). This consensus, however, appears to be based on the premise
that specific task data are linked directly to ability tests as opposed to an
intervening process (like the ARS) which defines abilities for linkage with
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tests. In this regard, Levine et al. (1988), state that problems arise when
there 1s a failure to provide support for the inferences about ability
requirements when work-oriented methods are employed. The inferential leap

from job analysis to job requirements must be clear and understandable.

Whatever methodology is selected, the need for a strategy to link abilicvy
requirements of Air Force jobs to construct-valid tests of those abilities is
implicit. There is evidence that the linkage can be inferential. In this
regard, Wernimont (1988) writes: "Current usage, especially in Equal
Employment Opportunity (EEO) and judicial commentary, seems to emphasize the
inferences to be made in getting to accurate measures of some attribute needed
for a given job"™ (p. 195). Further, Wernimont states that the linkage of human
abilities with tasks or duties of a job 1s not necessarily done through
validation strategies alone. The current trend, according to Wernimont’'s
review, is use of a consensus of supervisors, job incumbents, or job analysts
to determine the needed skills and attributes for a job. Some inference is
implied at the job analysis stage, "... but one does not need to make further
inferences or rely on outside expert judgment in order to determine what skills
and attributes might be needed for a given job" (p. 195). 1In the use of this
inferential approach, there seems to be a blurring between it and a content-
validity strategy.

The differences among the seven methods for linking job requirements to
construct-valid selection instruments are significant. Two different kinds of
linking processes have been used with the PAQ and OAI. First, factor scores on
the instrument for jobs are related to the mean test scores of incumbents
holding the jobs, a much less direct methodology than the second process. In
the second process, industrial psychologists rated the elements of each
instrument according to a set of human abilities (101 for the OAI and 76 for
the PAQ). Job elements for any given job are then compared to these ratings to
determine ability requirements. It should be pointed out that both of these
approaches have merit if either synthetic (Primoff & Eyde, 1988) or job
component validity (McCormick, 1979) is an objective.

In Lopez’'s (1988) traits or abilities method, the FJA, and the JEM,
trained job analysts are the source of the linkage. They rate jobs or tasks
according to a set of human abilities defined within each of the three systems.
While similar to the methodology employed by Fleishman, the traits or abilities
are more generally defined.

The most direct linkage, although inferential, of job ability requirements
and tests of these abilities is achieved through use of the Ability
Requirements Scales. Emphasis during development of the ARS was on precise
definition of human abilities for which construct valid tests existed. SMEs
rate job tasks on the scales (Fleishman & Mumford, 1988) to define the job
requirements.
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Use of the ARS to rate ability requirements of OSM CODAP tasks resolves
the problem of linking a specific, task descriptive system with selection
tests. The SME ratings of the tasks on the ARS provide satisfactory
inferential linkage. In addition, there is a precedence for this combination:
the task-based CODAP methodology has been used in conjunction with the aARS by
Levine et al (1988).

In summary, the determination of ARS ratings for 0SM tasks 1is a ~iib
methodology for the Air Force. The inference of ability requirements of tas
is provided by SME judgment.

Ease of Use

The ease of use of a particular methodology relates to the number and kind
of SMEs required, the amount of training needed, and the data collection
effort. There are relatively small differences among the methods in their ease
of use. The FJA requires trained job analysts and from 4-6 SME for 1-2 davs.
The analyst needs 1-3 days preparation time before meeting the SME. Trained
analysts and six SMEs are required by the JEM to develop the job elements.
This development requires a minimum of two sessions of 5 hours each. In use of
the PAQ, analysts should receive 3 days of training. Administration requires
about &4 hours. Cunningham (1988) recommends training job analysts who have
college-level reading skill for 3 days. The GWI, to date, has been
administered to job incumbents by mail. Administration time is about 2 hours.
Fleishman and Mumford (1988) recommend use of 20 SME who receive about 3 hours
of training. The TTAS requires a reviewer and five trained first-line
supervisors as analysts who directly observe workers. Tasks and data which are
the basis of the ARS ratings are already available in the OSM data base;
therefore, no initial data collection effort to describe AFS would be required.

Use of any of the methods to describe specialties for which OSM data are
unavailable could be appropriate. The GWI, however, would be at least as
appropriate as any of the other generic methods for describing specialties as
well as being readily available to the Air Force for administration. It is
relatively easy to administer by mail. The only limiting factor for the GWI is
the fact that it has not been employed in surveying officer populations, but
its descriptive properties (described above) appear adequate for this purpose.

In summary, while there are small differences of ease of use among the
methodologies, application of the ARS to OSM tasks would eliminate at least one
data collection effort. This combination of methods seems most cost efficient
for those specialties for which OSM data are available. For specialties
(primarily officer) for which OSM data are not available, the GWI appears to be
the most cost effective methodology.
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Adequacy of Coverage of Ability Requirements

Each of the systems, in its own way, provides fairly wide coverage of its
descriptive elements, and the ARS, which addresses abilities as opposed to jcb
descriptive information, was recognized as having the most complete coverage of
ability requirements (ses, for esxample, McCormick, 1979). Ncnetheless, at the
risk uvi falling prey to the "not inventad here syndrome," one is ief: with the
feeling that none of the off-the-shelf methods is sufficient to dascribes all
facets of Air Force jobs. Firs:c, consider that the method employed for data
collection binds the user to the ¢coverage provided by that method. 1In view of
the resources involved in collecting and analyzing ability requirements
information, it is important to assure that all of the abilities of interest
are included in the taxonomy.

Second, the research supporting the cognitive abilities derived from
either the behavioral descriptive or the ability requirements methods are based

on tests originating from the factor analytic literature (e. g., Guilford,
1956). They were developed prior to the =mergence of present computer testing
capabilities and present cognitive thsory research. Thus, <the cognitive

abilities that are defined in the taxonomies reviewed are limited to those
measures which existed and which are almost entirely paper and pencil tests.
Job dimensions from the PAQ, for example, have been related to the GATB, which
consists of paper and pencil ability measures. The same is true for the ARS,
although different tests may have been employed.

It is true, of course, that some of these paper and pencil tests have been
adapted to computer administration (Fleishman, 1988), but their psychometric
properties are wunchanged. Is it possible, however, that the computer
technology provides the potential for the definition and measurement of other
cognitive or psychomotor abilities undiscovered in the earlier factor analytic
research? If so, have any such abilities and tests been discovered and
defined, but as yet have not found their way into the more popular taxonomies?
As a simple example, it is certainly not inconceivable that such Air Force
specialties as Air Traffic Controller and Weapons Controllers are characterized
by requirements to visualize moving spatial objects in various configurations
and at differing speeds. These requirements are not easily measured by paper
arid pencil tests, but one visit to a video games amusement center will clearly
demonstrate the possibilities for their measurement through use of computer
technology.

In ‘this regard, Fleishman (1988) writes that computers have a unique
capability for measuring certain abilities as well as having the potential for
measuring human functions that cannot now be measured by printed tests. He
reports successful use of tests of cognitive abilities (based on the ARS)
adapted to the Apple II computer that provided such scores as variance of
response time, total errors, and mean time for each move. The psychometric
parameters, however, were not improved over their printed counterparts. While
Fleishman forecasts the potential for using computer technology to measure such
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complex cognitive processes as problem solving arnd decision making, he cautions
that the development of such measurement must La preceded by carerul,
systematic research. The crucial question is whether such ruuactions have been
defined and measures developed which may be used to study enlisted and officer
specialties.

The "abilities" and tests discussed in the preceding paragrapns should not
be confused with the present work in cognitive science. This work, as in the
Learning Abilities Measurement Program (LAMP), represents the kind of careful
and systematic research called for by Fleishman. The major goal of LAMP is
directed at devising pew models of the nature and organization of human
abilities, "... with the long-term goal of applying those models to improve
current personnel selection and classification systems" (Kyllonen & Christal,
1988). There is a very fundamental difference represented by the newer
approach. In Hunt's (1987) view, the conventional approaches represented by
the cognitive abilities of the ARS are based on a psychometric, Euclidian
representation or model of intelligence. While providing "... good summaries
of the abilities tapped by paper and pencil testing" (p. 15-16), this model
provides only the relative descriptions of the products of thought. The newer
approach represented by cognitive science is committed to modeling the process
of thinking. This approach not only shifts the focus for identifying human
ability to the cognitive processes but to different measurement technology.

Hunt (1982) among others has suggested that cognitive tasks from the
experimental laboratory should be exported to supplement existing aptitude
tests. But as Kyllonen and Christal (1988) note, efficacy has not yet been
demonstrated. At the present state of the research, the most crucial problem
would appear to concern the validity strategy for linking the measures to job

performance. Use of a criterion-related strategy implies individual studies
for each enlisted or officer specialty, while avoiding the inferential linkage
issue. If inferences are to be made to link abilities to specialty

requirements, as in a job component approach, some method for the analysis of
specialty or job requirements which identifies ability requirement is needed.
This methodology, probably some form of job or task analysis, is not yet
formalized, although Kyllonen and Christal suggest that their work in LAMP may
lead to such an analytic technique in the future.

The point, however, is that the work of the cognitive psychologists has
identified certain "abilities" and related measures that put new light on the
study of aptitude, giving reason to explore this research to determine if there
are any abilities and measures that can be adapted to analyzing enlisted and
officer occupations for selection purposes. For example, Kyllomen and Christal
(1988) report on an unpublished correlational study in which the newer tests
were administered to a large number of subjects for whom Armed Services
Vocational Aptitude Battery (ASVAB) scores were available. Results showed, as
one illustration of the possibilities, that a Working Memory factor subsumes
the reasoning factor from the conventional tests--individual differences in
reasoning ability may be due to differences in working memory capacity. This
hypothesis is based on the finding that the factor on which all of the
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reasoning tests loaded highly was a Working Memory factor, the test defining it
(Alpha Recoding) apparently being independent of any reasoning requirement but
depending instead on working memory capacity.

1
|

On the surface, it is unclear how a factor such as Working Memory could be
incorporated into a taxonomic approach like those typically emploved bv cthe
more conventional methods--or whether such a factor should be. As  rhe
cognitive science matures, an entirely new and different approach to the
analysis and classification of tasks will surely emerge that will capitalize on
the measurement of the cognitive abilities. In the meantime, what is there to
be applied from this work that is useful in the short term?

Another area of abilities involved in human task performance for which
there is an apparent deficiency in taxonomies reviewed concerns social and
interpersonal communication skills. The descriptions of the overall
Consideration factor derived from principal components analysis of data about
management jobs (Landy & Trumbo, 1988) and Page’'s (198%9) Human Resource
Development and Human Resource Management factors (from data collected by the
MPDQ) clearly imply requirements for social and interpersonal communication

skills in the performance of management positions. These requirements can
clearly be expected to be found in officer specialties as well as some, if not
all, enlisted specialties. Yet, none of the taxonomies reviewed adequately

addresses this area in terms of identifying selection measures to be cmployed.
McCormick and his followers provide job elements to describe jobs in these
terms, but have not extended the work to incorporate tests of the abilities.
The latest version of Fleishman’s ARS (Fleishman & Mumford, 1988) does not
include any social "ability" factors. If the ARS taxonomy were to be utilized,
it is recommended that additional communication and/or interpersonal skills be
identified and included in the taxonomy. The most effective taxonomy would be
one developed for Air Force occupations. It would include a subset of ARS
ability constructs, the set of perceptual and psychomotor skills which have
been investigated for Air Force occupations (Siegel et al., 1980) and
additional communication and interpersonal skills.

Requirements Across Specialties

Establishment of ability requirements for a large number of occupations or
jobs is more efficient when a job component validity approach is employed.
This approach eliminates the requirement to assess the ability requirements of
each specialty independently through a rating process--that is, requirements
for job components obtained through a rating or testing process of a
representative sample of the total number of specialties may be generalized to
other specialties having similar job components.

The development of a procedure to establish job component or generalized
validity of predictors for jobs consists of these three iteps: (a) some method
of identifying the constituent components of jobs; (b) a method for determining
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for an experimental sample of jobs the human attributes required for successiul
job performance with a given job component which are common to several jobds:
and (c) some method for combining the estimates of human attributes reguired
for individual jcb components into an overall estimate of the human attribuce
requirements for an entire job.

There is a model for job component validity for the PAQ and 0al. g
applied bv !McCormick and associates (McCormick et al., 1977), job dimension
scores for a sample of jobs and sets of test data for incumbents of such jobs
were entered into a multiple regression model. The test data for the
incumbents were used as the criterion of the importance to respective jobs of
the attributes measured by the tests. The predictors were PAQ job dimension
scores. McCormick argues that the relationship between job elements (or
dimensions) with the mean scores of incumbents on construct-valid measurss of
abilities constitutes evidence that these abilities are related to job
performance. A high mean ability score for incumbents of a job is evidence
that the ability is required by the job.

Once a "body" of empirical evidence exists, job component wvalidi:zv for a
given job can be shown if there is evidence of the specific job elements or jcb
dimensions and the levels of their requirements for the particular job. Arcer
these job dimensions are defined for a job, ability requirements can be
defined, and no further validation is required. Since the GATB is not used by
the Air Force for selection, application of job component validity concepts
based on the GATB measures and use of the PAQ (or OAI) may be questionable.
The planned work reported by Cunningham (personal communication, November 11.
1988) in which GWI dimensions will be related to ASVAB scores may provide a
basis for job component validity involving the use of the GWI. A gquestion
which should be explored is the extent to which the assum ~ion that workers
tend to gravitate to jobs which best suit their abilities is tenable in the Air
Force worker population,. In civilian jobs, workers have the opportunity to
move at their discretion to the jobs they prefer. This freedom is restricted
by Air Force assignment policy.

There is no model of job component validity for the ARS. Their most
limiting factor for Air Force use is the lack of generality of results from the
study of one occupation to another occupation, if the scales are employed as
they typically have been. This limitation, however, is an artifact of the way
the ARS have been used; i. e., SME rate individual tasks or groups of similar

tasks for a single occupation at a time. Because task statements are very
specific, there are very few tasks common across several specialties. The
limitation can be overcome by a modification of the way the ARS are used by SME
to analyze task requirements. Briefly, one modification would be the

application of the ARS to the verbs used to describe the tasks in the job or
occupation studied (for more information about the rationale for this
modification, see Section IV). With a stratified, random sampling plan for the
occupations analyzed in this way, ability requirements of verbs can be
established for use in generalizing across other existing occupations, and for
other uses like defining ability requirements for reorganizing classification
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structures, for cross-training requirements, and for new or anticipated
occupations (i. e., for new weapons systems). It is fascinating, in fact, co
ponder the implications of the hierarchical clustering and principal components
analysis of verbs on ability requirements for the creation of an action verb
taxonomy of work.

There are precedents for the suggested approach. Functional job analwsis
is based on the assumption that task verbs can be related to levels of abilizy
requirements. Bennett (1971) also used a verb-centered methodology for
forecasting effects of automation on the future job market. 1In a sense, the

GWI also represents this approach, many of the job elements consisting of
gerunds, such as creating information, technical drawing, investigating,
sawing, drilling, connecting, fastening, and joining.

Where there are no OSM data, job descriptive data can be collected using
any of the generic methods, although, as pointed out, the GWI appears to be the
most efficient instrument. Once the job elements for a specialty are
collected, SMEs would rate these elements in terms of the taxonomic factors as
Cunningham has suggested. Since the GWI elements are in themselves generic.
their generalization to other specialties could be easily made.

In summary, a job component validity approach is more economical for Air
Force determination of ability requirements across the many officer and
enlisted specialties. While there are established models for the PAQ and the
OAI, adaptation of the way the ARS is applied can provide the basis for job
component validity applications to Air Force Specialties for a potentially wide
variety of applications.

Descriptive Data for Specialties for Which OSM Data Do Not Exist

Since there are about 25 officer utilization fields and a few enlisted
career ladders for which there are no OSM data available, it will be necessary
to collect descriptive data for these specialties. It will not be possible,
therefore, to apply the same methodology across all specialties. The
different methods employed, however, should be as comparable as possible and
the abilities derived must be from the same taxonomy. The options that could
satisfy these requirements are as follows:

1. Use the OSM tasks for the enlisted and 20 officer specialties for
which there are data as the basis for defining abilities from task-specific
data, using an ARS-type taxonomy.
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2. For the remaining specialties:

a. Initiate occupational surveys, This option would, perhaps,
involve the longest period of time to completion; and further, there mav be
fields which cannot be surveyed successfully or cost effectively.

b. Have SME indicate ability requirements from carefully prepared
summaries of the requirements of the specialties. This option 1is less
satisfactory because of the lack of specific task statements.

¢. Using SME from each of the fields, define the most representative
tasks for each specialty. The SME then could rate these tasks on the an ARS-
type taxonomy. This approach has been used in connection with the ARS (Landy,
1988).

d. Use one of the descriptive methods, such as the GWI, to define job
requirements which SME would then rate on an ARS-type taxonomy. There are
precedencs for this approach, both McCormick and Cunningham having had judges
rate each of the elements in their instruments on the human abilities required
of them, Cunningham (personal communication, November 11, 1988) also has
suggested the feasibility of rating the GWI in a similar manner.

Sumnary of Evaluation

This Section presents a review of the factors used to evaluate the
candidate taxonomies and a brief summary of the evaluation of each of the
candidate taxonomies. Appendix A contains Detailed Evaluative Data for each of
the candidate taxonomies across each of the evaluation factors.

valuatlo acto

Based on the literature review and the additional evaluative criteria, 11
factors were used to evaluate the candidate taxonomies. The factors are shown
in Table 6.

Evaluatjon Summary

Table 7 shows a brief recapitulation of each candidate taxonomy in terms
of the 11 evaluative factors.

43




Table 6. Evaluation Factors

Classes of Candidate Taxonomies

Task-Based Versus Ceneric-Based T~xonomic Systems

Determination of Human Ability Requirements

Comprehensiveness of Taxonomy for Human Ability Determination
Linkage of Human Ability Requirements to Tests of Those Abilicies
Reliability

Validity

Compatibility With OSM-CODAP System

Utility: Taxonomic Employment Data

Ease of Use: Applicability in USAF Environment

Adequacy of Coverage of Social and Interpersonal Communication Sxkills

H O O oUW

e

Conclusions

Detailed review of the O0SM and the seven candidate human ability
taxonomies leads to four general conclusions. First, of these methods, the
Ability Requirements Scales applied against OSM tasks is the preferable
approach for the Air Force, if an off-the-shelf untailored, one "best" method
is chosen for defining sensory, perceptual, cognitive, psychomotor, and
-physical ability requirements of Air Force jobs. Second, use of an untailored,
one "best" methnd may not capture the full range of abilities required to

perform Air Force jobs. Third, methodology applied to enlisted and officer
specialties will differ, because OSM data are not available for all officer and
enlisted specialties. Fourth, the taxonomic approach applied should lead to

the application of a job component validity approach to defining ability
requirements across officer and enlisted specialties.

In regard to the first general conclusion:

1. Only one of the methods, the Ability Requirements Scales, is
compatible with the OSM methodology and data base. Use of these Scales assumes
the existence of specific tasks as the basis for ability ratings.

2. Techniques for linking data describing tasks to ability requirements
differ. Only one of the methods, the Ability Requirements Scales, provides a
predefined set of sensory, perceptual, cognitive, psychomotor, and physical
ability scales. These are linked to task requirements by SME judgement. The
PAQ, OAI, GWI, and TTAS are only descriptive methods and contain no predefined
abilities 1like the ARS. Of these methods, only the PAQ and OAI have been
linked to ability requirements, although the two approaches that have been used
could be applied to the remaining methods. The first approach involves the
judgment of experts about the ability requirements of each of the job elements

44




Table 7. Summary of Evaluation Data

Evaluation Factors FJA JEM PAQ 0al Gwl S23 TS
Class of Taxonomy B.D. B.D. B.D. B.D. B.D. A.R. A.R.
X Employs Specific Tasks  Yes No No No No Yes No
Employs Generic Tasks No No Yes Yes Yes No No
Employs Observation No No No No No No Yes

Provides Ability
Taxonomy Yes No No No No Yes Tes

Scope of Ability

Taxonomy 3 -- -- -- -- 52 15
Job Analysis-Ability No No Yes GATB No Yes  No
Test Linkage
Reliability Yes Yes Yes Yes Yes Yes  Yes
Content Validity Yes Yes Yes Yes Yes Yes Yes
Kind of Criterion- Not Job Job Job Not
Related Validity Shown Comp. Comp. Comp. None Crit. Shown
CODAP Compatibility Marginal No No No No Yes No
Utility Many Many Many Few {wice Many Many
Ease of Use Avg. Avg. Good Avg. Good Good Poor
Coverage:
Social Skills No Yes Yes Yes  Yes No No
) Interpersonal
Communication Yes Yes Yes Yes Yes Yes  Yes

Note: B.D. = Behavioral Description
A.R. = Abilities Requirement
Crit. = Criterion
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in the instruments, while the second uses regression analysis in which ability
test scores for job incumbents are related to the descriptive elements of their
jobs.

3. If the methods are used intact, without modification. coverage o7 zhe
human abilities among methods can differ. Cnlv the ARS provides
predefined sensory, perceptual, cognitive, psvchomotor, and phwrsical abili
considered by some experts as the best existing coverage. In contrast, the
FJA, JEM, PAQ, O0AI, GWI, TTAS and MPDQ, as descriptive methods, must be
translated into ability requirements. Selection of the set of abilities
(e. g., Dunnette’'s 10 cognitive abilities, GTAB) and ability measures to be
applied is discretionary with the user and is, therefore, a function of the
diligence and ability of the user.
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4, There are no essential differences in wvalidity, reliability, or
utility among the seven methods.

5. Because 0SM task data are available for most Alr Force Special:zies,
use of the ARS would elimirate an initial data-collection =ffort for
specialties for which the data are available. Use of the other methods would
require an initial data collection effort followed by the collection of data to
link the job descriptive elements to ability requirements.

In regard to the second conclusion, while an 0SM-ARS approach appears to
be most efficient of the most-used methods for defining human performance
requirements, there is considerable evidence that application of a single
"best" method is not necessavily in the best interest of the Air Force:

1. A single "best" method binds the user to the abilities covered by
that system. The evidence in this review suggests the existence of abilities
which are important for describing the human requirements of Air Force jobs but
which are not included in any current taxonomy or job analysis methodology.

2. A need for a taxonomy of social and interpersonal communication
abilities is apparent, especially for officer jobs and those enlisted
specialties which involve important interpersonal contact, such as Air
Passenger Specialists and Personnel Specialists.

3. Although only formative at this point in time, the results of recent
research in cognitive psychology and in use of the computer as a testing medium
have not found their way into any taxonomies. This research is providing

insight about the nature and structure of human ability and appropriate
measurement methods.
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In regard to the third general conclusion:

1. If the OSM data base serves as the task-descriptive methodology, some
differences in approach will be required to define ability requirements for
some officer and enlisted specialties for which OSM data do not exist.

2. Descriptive data for these specialties is required, and of the
options for gathering these data as the basis of determining ability
requirements, the GWI appears adequate.

In regard to the fourth conclusion:

1. Application of a taxonomic approach to determine ability requirements
is resource intensive; thus, the approach should be constructed so that job
component validity can be applied from a random sample of specialties to other
specialties. This approach will eliminate the requirement for data collection
of SME judgments from each officer and enlisted specialty.

2. Use of the JEM, PAQ, OAI, and GWI permits the application of a job
component validity strategy for defining ability requirements for occupations
with similar job element structure. The generic nature of these methods allow
them to be applied across jobs.

3. While there is no evidence that the ARS has been the basis of job
component validity as it was applied in past studies, the Air Force CODAP task
data base provides a basis for adapting the ARS to job component validity use.
When the ARS are applied at the task level, as in the usual practice, abilities
derived are not applicable across tasks, hence jobs. The ARS, however, can be
applied at the verb (the action) level of a task. A verb-ability taxonomy
applicable across jobs can be developed.

Recommendations

Since use of any one single, "best" taxonomy from among those most
frequently applied to the study of the human performance requirements of jobs
may inhibit the identification of the full range of these kinds of requirements
in Air Force officer and enlisted jobs, a taxonomy adapted to the Air Force
requirements should be developed. Such a taxonomy would be a modification of
existing taxonomies and would be characterized by these features:

1. The taxonomy should be constructed so that full use of the 0SM data
base can be realized.




2. The taxonomy should be modeled after the ARS. Abilities comprising
the taxonomy, if at all possible, should be those for which valid tests are
available.

3. Abilities comprising the taxonomy should consist of those presently
defined in the ARS or by the ETS Factor Reference Tests; abilities defined for
social and interpersonal communication skills; and, as appropriate, abilities
that have derived from advances made in automated testing technology and from
cognitive science research. In final form, it should include elements that,
used separately or in combination, would permit the identification of sensory,
perceptual, cognitive, psychomc:or, communication, or interpersonal ability
requirements of Air Force jobs.

The taxonomy should be tested in a pilot study involving a small number of
officer and enlisted specialties. This pilot study should address, at a
minimum, the following issues:

1. The reliability of Air Force SMEs’ judgments about abilitw
requirements based on, first, action verbs which describe the work of a
specialty and second, on GWI job element information.

2. The qualitative similarity of judgments from the two sources of
descriptive information (i. e., OSM versus GWI).

3. The factor or cluster structure of the action verbs which are rated as
well as the factor or cluster structure of the abilities identified.

4. The degree to which specialties are differentiated by their ability
requirements.

5. The relationship of derived abilities with other indices of ability-
aptitude requirements.
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